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-^"irS-^ 



fc^ufa^ 4^jJl S,sL.^I ^UJ Uhf4 LiLiI Jju -•■;J^.....>L^ fr'-^ ^^ oi ■ ^-^j->«~«^' Oh ^^^ -^^ i«^^ ^iJ3.<~iiil 
Sjlj^l ^^ IJU i ^«-»^i>til t_JIJUl Ja>s::j L§J^^ j-« ^^' ' (♦^j^^*-^ ^^~^^' ILw-^l 4Jl j_jj r-LfJ-l iuijol j-oisJj 

c->-_^ ^1 (. ( ^ Y- O V"J-^' t_.::5^1 *^^>^ UiJ\S ii^y aLcL ^IjJI (^Jj^^Ij io^l Sjl^j c-«li JlJ 
5j|jb lua t ^i«Jlj t ,«^'j ' iJLJMI AjLJIj t ^«J-«Jl ! 4Pj^ ("i^"^ ( ^ Y) (_5^UJl (JliJl cjLAil 1— xS' J,j.ixii 
ticjUJI o^l iZj\j:^\ ^ iiLLi^^^ ik>- JLijj_jIp Ub»- SjlJ^I J^ojuj . (Y * * V / Y * • %)j_^IjJl11 aIjJI 
SJil) iJLkivi^l ik^lj t ( ^ Y- ^ ^jAyaJJ L_.;:SsJI ,«~»^ i<c>-l^) i^jJaj ik^l ! -*j t o'^bys ^jl i.s^**' 
Liil tt-^-LlI >t~»:>- ^ dj^l J^'Ti' 7?*^ V?^J ^^ oL-ljj) 4JLii.»,< SkiJlj t (410J.I JsLo^lj *-L>dl 

jl^blcl 4JI J^Um^j i JjjXSOjiI |t..JjCjlj oLSwiLII JL»b9 J 4»9«X)I 4^1 fu^y) ^jlj^ 3rt.?'.ilj l(lj,iM^j 

^ oljJdl «^ (»«-"il:j ^ i^^^kJIj JjJbcdJ iLli i«j^ oUJs i*jl^l ^^J t^J*^' j-* oUJaJI Sjlj^l (j^j 
^ LjA^^ 'jts** '^y-^^H iji"^' ' V^J-^' i»-lS\Jl jIjLpJ Jbys J J;wa-,<apeJ.I j-« Jr^ •*-*^ j^' aS'jLLs j^j 

• »-^^/ ^ J-<^ (i-^' ^^' l/vT^ 

. wjkbil f'jj^ ^J\i\ Lfo^jd i l^v~>tl; i«^^5o»- ivsb>t)j i«jJLyaJlj iojjJl JjjJij 

i 4a3 j^ i^-M^ 15' (. v^l |tjb^^^^ ^tgT^jL^ ^ip ffju^^Jiijj I. Xu^jmS >_j:5oI ,il jLpL »yij ^ill ^ 4j aj^I jI.?«JjI 
t LojJI oLijj |J jjS'jLillj tj^j^,^lj tj;i^^lj 'j't^^Cj '7?-*^'jr^^J t ijljjJI «jkbil jLsL L»^j 




4^J^ 



. JLkjj /j-jt-aJ^I -U^tvSJ "Jl j_5)l^J (^) JUj>.>! 4!!! Jj^j (_5lp (»'>LJlj S^>L^ij J^j-^UJi i_Jj 4JJ JUj>J| 
Jp Jas^j t CjI^j^I jULXJlj CjLjI i^lj t ^^ jJlj .,(7.'.ll /-^ .,(7 01 • ,_y* t Cjljtp-j C.«^ |_Jlp i_JuSol A«Jl,tj 

»_jUaal^l pj^JiAj ~ij'^[j k.>c^l 4>tjl CjLiJs ^ Cjl^j^aJI jULxJI ("44^^ U^Jli Jiaa iJliJI oJl>- Jl ^ LjI 

. [^\a..h"j 1 g-.^'il ■/-'^j L^l ijlj (liJl Js i]a>- j^-JSsLia LjjLo AijliJl oJl^- Jl ^ 

. ^Ijxa'AJl J^l pr^j-^-'j ^^L^l cj15L,iJI cU-Jajj A-iJL^I 

jLiU-'^lj jL-j^l iJaJlj LpLs^I jUi^^l ^\jJ»j lSl^'^\ ^l_^l iJaJlj iii-xjl o'^UaJ'AJ (_^ljJl pUiJlj 
. iiil^l oJb-jJlj LSOi^tAJl iJi>=^l Sjl jJlj (_5li (^l^^lj tljjJjJJl (»-Ali>i Jl iiLvi^lj iiOi^'AJl 
J^ Jl^Jjo "(JJaJI Ou alv~« )<.^«J>J "Uiv^waj ^U^^i^ l^Jm^cj "Uj Jaj <U«Jj<JI SiL«JI j^jjiij L/pL>- IJl^ l-sJuJI (Jj t^ Jju 

oJLijJI <u«JUjI SiLJI ijyi.^ ^j^ jLi bxpLiJj i L^Lvj^lj ii Jii«jl SjL4<JI i—jU-x^I /y> ^JJaJl j-51«jj U^ ^^aJlj Sj will 
(,.j!iLia J>S^--i Ljl-f- SiUJl ^yP y^ l^'*-* 1^1^ ' ii ij jjIj iJUjJlj 4,v«JL>ul (vLtJl SjJlLjj I rt^UUiAlj iJLkll oLiL?- ^Ic- Jl4X>c^ 

ijij^jjl ^jIJw |_^ ijJa.vJui]l oI^^JJLj ijUl^^Nl |_^ ^jLJUI Jjy (j^j^ ' i_jI:5^I iljitj ^^ cj_ji]j^l L^IJu |_jX]l iL^JaJl 

/—oJjU^I "jA (j-J^I iJ^y<J' l_JjJL»ll_J 4,^<lJu<jl OiUjI 'j~^^>tJ ^ f>-^' 1-0-" iO ilUi2J il ^ 'W2v2>tX<JI 4jLv~^j^_J <jljwL>-J 






T 

\i IjJj j;;-!'-^' 

\i AM, pern tj«llaj j^u a^jli^ 

\"l A 1-1 'ill JUjifl 

W (J^l ^a>- j^J^ 

Y * tiLLftijJl J<.4jJuJl ^jla 

TO 

T^ icLuuuLaljju^j^l ii^^^ll ' 'iU?i",,.l 

i' iJJLjIj^II 



S aljLi^l ^l^ii 

S a_iliU"illj <lLL4ijJl ^^Laj^l iula^i 0:u 2LijI^ 

ij«ijJi-iJijUUi Jj3=6:Ji 

^^ ^ ' -^ ' '' ^' j^ aifSlJl 

W -j-^j^' (.y^V-^' j^Loj^jJl 

^0 .^^jL^UuJI L^j^^jJl - (_^lAijJI J^L4^jJl 

Cil^-jll jL^jJIj CiLx^l^g]) 

TV aj,„jUI Uajj^CIl ^l^^i 

TT i>»J^Ll Uj^ll li^sJl JaUiJi lUlijla 

TV <U^Laa.j ibjjJljJl ^ijlJJjiJl (jliaJ 

01 <\ j'li Wll (JiuJi ^jla^ ^L^Lji^ ^'3^ 

OA ~<Ilu'lu1\ a .iM I II II Ja:1I ia^la^ 

I * JJIoJUII <Uf Ijj 

I I fijJcLLulil Ol^^l 

v^ Jij^^jiLiii auiiii 

Vi Juj^jSLil ^^LaJl i»llaj 






1> 
3 



OS 

1Y JlJljjifl i>bL4 

10 ajj^seii JjIjSJi 

IV ajjj^l JaLjjyi 

vv 

<\\ a.irliifill jUiVl <ula:il 



3 



■3, 



\" 

\w ajjji^i ciUisai ^jji-Uo, 

\Tr iuiiji^i a^ I III II ^ au^L>- ^u^jaj 

\T'l j^ljJ^MJl Jiiil £.i>aJ 



\-T cUJIlJLJI iUiul^l l:j15LuJ| 

\4 auiui^i asLuJi ^b^su 

\\V ij^LaJl jLi-ljJl tjCjjJl (Oiiifill 



\TT 

n> ajiljlaua^l jUiifl J1JI3& 

M^ ^jj^L 

nr liii lii^ii 

nr a^jSi^MJi ajL»ii ojUi 

MS aAliiiMJl Jlin-jiii^l^lj JLijj^i^l a^UM 

no aifli'ili sjLs-5)i 



\ri a.iMi3i aL«lij5fi jujb 

\u ajiijirili a.MiiiMJi a^iij^i 

\TA ^^J3JaJl ialiiid 

\s\ aiiuli ^i^LajMJ ijiU)i i>llbj)i 

\0A ajjjiicJi Jijij4ii a^i^i ji aJuLjbtJi ^Lu^jJi 

w aj^liiiMJi ^13411 a^iaiii 



■3, 

] 
,1 



Pulse And Digital Modulation 





f^^^jl\^ (^(,^t't\\ ^J^U-tiajJl 



A-oJiJl |J iaJjitJlw^l (j^^jJlj j^A,<2jJl |V^>_s^l) ii;-b>Jl JLv2j^l CjLiaj (^J^^| ^ Owb^jJl oJLa t^,^>t^ 

PCM y.^1 ,_^^\ t>«-s^l ijiJj t(PAM ,PWM ,PPM) v^' ijc^"-^' (i>j ' V^j J\ iJbUJi 
. ( ASK,FSK,PSK,QPSK,GMSK) : Ui^l ^^^.^wdl ti> Jl ^UNU (A M) Ui ^^^-si^Jj 

I jl (_^Ip Ijili jj5i jl dJcw« r^y^. ' o-^jJ' » J-* dl::-"lji Jj«j 

. A/D J i;>e^ Li-C- CJljJa;>- f j^ 

. (A M ) LJjs Oi^waJ ("Uiij ( PCM ) -jaJ^ <_^v2^I tlNo-vaJI /»Uk: J.<^ aJT ^^^ 

. iiJc^til PCM 'j^y Cij^ (Ir^ J;^ 
. PCM J MA ^UiJ Ou ^*)l:;i'yi i^U: jJ 



(Analog Signals) £Lxl-iUDl CjIjL1<)/I .\ 

. (2) J^N^ (_^ Ui' i-JjLgJl jji^^Swi -jP ojiL/zJl ijlj^^^isJl ojL^Nl jl (.(1) JSLiJi ^ Li' ^L)^^ J J-/2^ -s- 



v.(t) 




-^ t 




*-t 



jjij^5La o I jL^I ^ ( T ) J.^s-*^ 



i_jj^UJli2;PojiLM2JlcjljLi^sJldi!i Jb^j tjyijJl *^Lft 



(Digital Signals) ^j^jJl lIjIjLIi)^! .T 
. (3) js:^ Ji^M ( . . . ^l>bJlj 



I 














- 










. 














T 







v.(t) 
A 



A- 



^^ 



i_»ij oljLiJ : (V) J.SLi 

. (1-0 J>^N-^i A^j 5jLi| — aJjLc ojLi| .^ 

. (c^ -0J5^I Uj'Lc SjL^I - Uj'Lc SjL^I . Y 

. (-^~ * ), LS-dJi A—^j ojLiI — 4,^*jj ojLiI . 1 

. (i - O JiCdJl iJjLc ojLi^ - A^j 5jLi| . i 







nj— irL^A'--^v^ nr-iTL _ nr^in 






. iJjU^I Jl,,^"Ni o3^-=r' ^y A-^^ J^*-*^^ ^yjJ ^.j^j^^'-^^j ^Luij i>^^l Jl,,^"Ni S^^^^l jLxi . Y 
. i^lkj^SlI 7v>w2j" iJ^)' • V^'Lo^l UkiSll ^ o Ji! i^jJl iJiiSll iJlp (Noise) (j^j-iJl j^'l" j_^, . Y" 

.(. ■ <y^^ 'jc^-^ tjVj^) A^jJl oljlJi^l aJ^U^ j_^ 4^j^l oljsiJi 4^ .V 

I LgJw« CjL-1-o LgJ jl ^1 ^:r*^^' A.«i2J*>U oJsJjCuJI CjLjUsjNI (»-«-jj 

^^^^^^=^^^^^^^^^^ (A/D) ^jJl- J^UUI ^^^\ 



^^^^^^^^^^^ /y! iLJL*i j_^| aJjUjJI ojL-iNi A;_p^ ^_}^ ^"^^ "-^ j.<>:ju 

A/D Analog to Digital t A/D jl ADC iJ'Sf I ol^^y.j t oUjl^lSjLil ^ Uij oUJ' 

•j^ L/J> ip cj^j^ 5Jb>-J j^ 4^ fe"'. a "J J •/" CjU-^ uL-ujI (ffd^ t^ ....'>- 




f-LJ^ LiiJ- j»J Jb^I ^yiij : (Sampling) cjL>jJI Jb^l . \ 

4Jb»JJl jt^l i_ojij V-*^ (^ : (Quantization) (r^:^»^i . Y 
^1 oLjJI Jb^I 4j^j>> ^ cjJb^I ^jl\j (Samples) 

. (Levels) i^Joz^ cjUjXw^ 

t(1jl j_^biil (>UaJl jj^j) . 5iJ;>^ L^j Ij j^j jt-^»5iJl oIjj1«~« (^liipl .V 



^j- JiUj Jj_pj :(o)JSLi 



r m ^^-'^ ^-*^ ^ J ^ ' 




Sampling 



Quantization 



Coding 



m(t) 



jLoJi i:il 






m (t) 
-I 



.^1 



iL^^j J s jLil 



^r^ 



Ljr^J J! i^'-^' Cr" (Ji_P^ ^jX-^l iikii^l : (1) JSLi 




tl^JLojl ilj^l aJ^LJI cjUjL<^l5jLil :m (t) :jlti.^ 
.(7) J5^l Ji^^^^jji-Ui' m (t) = A sin (2Jr ft) 

. aJ-ojJI oJia L^ jmJ j_^I i±j*>Wl Jj^lj^l ^j->i ^y 



_^5jLil :(V)JSLi 



(Sampling) CjLLxjl)! Jl>-\ £lb>>j^ 

(>LiJl js^,;?^ Aiic- J> (sample) iujJl Jbi'^ i_jUI ^) (gating) i^^jJ aJ-«-p cjL>jJI Jb^l V-*^ J^^ 

. 4jjL*j ojLiI Ajk^ ^ b"". a LSLLj 4 1 ■/•' '''■ " f^^ JL>-I (_gl i ((»Uiob 4j.^»jOl jScjj I. hold /»-^u k—SjjJj t dJjJb 

SjLiNi ^ ^'^ -^i (W ■^^^ (^ (j^ <-5^'-5 (Sampling Theorem) oL^JI aj^ '-iiy^j ty -J-;^ l^j 
,_^ dJJi i tf^ > 2f^ Uki^ 5jj.s^j 2f^ ^y> Jij "y (fs) oLJl J^\ ^^^ (f^) ^^Sll J^J^^Jl oli UJUJl 

. L^u^ jj^ 4-JjL«jjI ojLi^l pL>-Jioj| /p\^ 

ly- f^ cjIujJI Jl>-I iijj Ji li| Lil t c— <j5\jU Jij::j 2f^ ii^l >>^ f^ ii^l aJ (_5jLv:o ^iJl ^i^l (_^Jj 

. cjLjJI SjLiI i_iis cjUj5C« j^ (aliasing error) J^ljdl Ik^ i±j.^ 2f^ 



:^l\^j^j\ m(t) = 8sin (2Jt1000t) ilJ'ililjsUJUili^i^^^SjLil :(^) JL^ 



m(t) 




A m, (t) = m(t)xp(t) 



MTW 



\J¥ 



M 



t (msec) 



T = 



1 



,A 5jLi)(l f-LJl 
A=8 

f^= 1000 Hz 
1 



••J-^l 



= 1 ms 



Ts = 



f. 1000 
f^= 2f^ = 2(1000) = 2000Hz 

= (0.5) (10)-3 = 0.5 ms 



2000 



ns 5^ JS' j_^ CjLujJI .iJLc- _ 



_f^^^oop_ 

^ f. 1000 






p(t) 

A 



nnnnnn. 



(^) 




olvJI Ji^l Jlp Jll« : (A) J5a 



(1) 



(^) 



S/H Sample and Hold 



A :"(*) 




A -^(t) 



>-t 



Jjj^l c^ — > "^s W - 



m.(t) 



d 



"^W 



-^ t 



t Ap(') 



*-t 




V(t) 




m, (t) . 



"i.(t) 



A 



"^V 



-*- 1 



t 
p (t) , 

n ffin 



. (1 0) J5^l ^j Ui' x^lj^l ^f>^ iilS' jj5i ^.l-r^ (t) ^bUl (i'>lpl 5Ju 



r ^ 

-^VW ^ 

S1 C 




(S/H)iiLUJIj Ji^Sllii>^ob-JI-J^^' Jli« :(^') JSLi 

Quantization ^^-x-^SHJl £\Jl>'j^ 

•yi :i^s■ |_J| 0j:uJl oJla jt-wijj [-A ,A] Ojiiil ^j-o-vi pLvJ^I 5:5jJ^>t>i m (t) oUjl^^l 5jLi| jl J^jkS 

(1) A = 4^ 



L= 2" = 23 = 8 

, Ai^ JS" J^:i*:J Coder y-j^ A^3t>Ul aJIjjJI cjUUJI jsj^ Jl^ : n 



ojIjJ J^^ (j-^ (_5*J ' cjLjJI Jl>-I ojIjs t: j^ o^ °j^^ (_^j ' "^s (^) °J^^' ijtrrd C'' ) (J^^' 

^1 -A = -4 ojLit>U 4^ i.^J'^' J A = 4 ojLit)^ 4^ ^_^^^'^ ij^. ^L-~<>-Jl (t-:r~«J (t-j -Ji-a^ t (1 2) J^ ^ t>i 

. (1) 4JiL>t<JI j^ i_^v.^>J "iuL L$jJl (_$j:Uw<Jlj (_$j:u^ J5' /^ a3Lw<JI j| t.1*^ t (L = 8) o1jj:u^ 8 



A = 



2A 2X4 



= 1 



9A/2- 
7A/2- 

5A/2- 

3A/2- 

A/2- 



-6a -5a -4a -3a -2a -a 



-AOr 



3A/2 
-6A/2 
-7A/2 
-9A/2 



V,(t) 



A 2a 3a 4a 6a 6a 



I 



m, (t) 

4 
3 
2 



■U \ — Ll — ^ — — ^ 

■-^ f *- 



cjL_j<JI Jl>-I ojIj ^j;i^ :(\T) |K_i 



oL-aJI Jl>-I ojIj ^ji=^ :(^^) iK_i 



iSy--^ J^ 1 = A o^IjJjj [3.5 , -3.5] ljJ)}i\ ^ ij\ i.[ 



-7 A 7 A 



-] "j"^'' ^ i' i\\^.: ...^\\ ./^^>. ., 7 , U J 



. iw^ JS' j^jjj «. i^l aJ| c-jy ^1 ^jivwJl t (Quantization Error) 



(4:,^>j«JJ A^jixJl 4.0^1) — (4l;J<-U 4^>i>i^l 4.0^1) = |>.-^>icJl Uaj^ 



a Un-^vIa 



(n = 3)>.^l 




j,,^rua^ 


k-jiM L^jiJI 4.0^1 


4Xj>1! 4.J^S^I 4.0^1 


k^\Aj 


100 


5 


-0.5 


0.5 





1 


110 


7 


-0.3 


2.5 


2.2 


2 


111 


8 


0.3 


3.5 


3.8 


3 


111 


8 


0.3 


3.5 


3.8 


4 


110 


7 


-0.3 


2.5 


2.2 


5 


100 


5 


-0.5 


0.5 





6 



001 


2 


0.3 


-2.5 


-2.2 


7 


000 


1 


-0.3 


-3.5 


-3.8 


8 


000 


1 


-0.3 


-3.5 


-3.8 


9 


001 


2 


0.3 


-2.5 


-2.2 


10 



:Quantization Noise (^j-xaSHII (jlijjjia 

AIsjJl! is^jiJI io^lj (jt-^-^UJI J^Ji-^ JC>p) i>;;J<-U i-A;i^l 4.0-^1 /j^ li^ iiLft jl (1 ) Jj-b>- -ya Jaj^Mi 

: 4J*yi cj^fiU^I J^U- j_^ (♦-:r«-^' <_AdJ->~^ if" W^'^J jr^!J ' [0-5 ,-0.5] ^c,\ 

A2 



(2) 



S = 



(3) 



^= 12 



A2 A2 



3L2 



, jt-^-S-^Ji 5ji.i ^3 'UJj>tJivw«jl cju iivw«ji .iAp L 






(4) 



SNR 



= {^}= 



Lis" ^\ i L2 c^Lj:: Jl ^Jlp >«-;j^ >«-« Li^ L^LJ ^_^b:o SNR jl )as>>i <. (4) aJ^U^I ^j^ 

j__,^^;ii^^l (^ijj (^JJl^Sfl i<_5ic>l SNRoJlS" (.^♦-<».5CJl Sjb^ lj>sS>^ Jl c^Lj:: Jl :>Jlp ilj 



^^^^;^,^- «UiJiLL-ljjcJ--jKm (t) = 4sin (2 Jt loot) i^^lSjLi)!! jl o-Jp lil :(V) J 
: J\j_ b> ^jl . A = 1 Volt t L = 8 oljj:i^l :iJlp ^sJ>c^_ li-illj <• PCM y>yi ^^^ 



S = 



(2)liiUJl^ 
4;^ = 4r- = 8Watt 



S^UJI J 



:J *Jl 



(3) iiiU^I j» N j».;>^>^l ijLij^ aSUs Jjjw _ 



N =^^ 



3L2 



= o.osawatt 



(4);JiUJl^ SNR jlJi^ _ 



SNR 



-{f-}- 



N J 0.083 

q 



= 96.4 



(_g y>-l 4.5j Jaj 1^ . ...'>iJ jl Lvijl xJalwJj 



SNR = ^L2 = ^82 = 96 



Coding J-tojJJl 20l>.j^ 



dJJi i iJ^bo cjUU- dj*)\ij i^ JS' Lb» JjUI Uli^ ^j . (Binary Coding) Lsbo Ij^y j»-«5Ul ttv^^ -^^^ 

(5) L = 2" 

.(13)J5:^.JWlJ5LL]IJ^j^_ 



SjLiI :(^r) JiCi 



;ioJl>.y 100 110 111 111 110 100 



001 000 000 001 



<LjJI J-SLi 



n_ru ' ' ^ ^ , , n 



i_^l 



l^J 



2 3 



7 8 9 10 



^^^^^^^^^^^^^^^^^^= (Pulse Modulation) ^■-^:''^^ j^uaiilll 

. CjLUjJI i^ *_w::^ tjlSUJlj t (i.i^l) |_^yJl tf'Lwj'^l 



PAM a.,^iiH ^Loiui oi-^uiij .> 



PAM Pulse Amplitude Modulation 

PWM Pulse Width Modulation 

PPM Pulse Position Modulation 5^.^^^l J^jJl JJ^I ^ (iLUJi ^^1) L^l ^LJl ._^l::o 



u 



PWM iUii-LLJl Q^j£. CJi-**^^ -^ 

. ii ./^ .'.W 4j<.^ • ,) .^" m_a AJjL.4^ Jljj..ijJu IjjU lil •. 1 . /-I'll Ijjis JjtJj 

PPM 2Uii-uJl (jlSla j;^'-^-' .T 
. j_^UjJI cjLvijJl jV^j-viJ 4j*>\i]l k^Lv?'^! (14) J-^v^ 7^ y. 






OLojJutOl SjLiI 















—>- 






1 










































>■ 
























' 
















>■ 
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*- PAM 



*- PDM 



*- PPM 






PAM 



LPF 



M(t) 



PAMSjU;l._LlJ :(^o)JsLiJl 



jjj.«j ■TX^ jA AisL^ Ij PAM A-vijjl pLwjl "j ■ 1 ■ /-" OjUil l_ido jY^O 

. (15) JSLi ii^^ .(LPF) ^^^i^^ 



ojb AlJl;>t::^L (PPM) i^ijJl ^y> rj^ •/?" ojLi|j ( PWM) i^ijJI ^y^j^ -y^ .,.?" SjLi^ i-jLLS" j^Joj 

.(16)J5LiJi^N 



u 



PWM ^— >^ 



PAM 

> — 



jU aij^^l SjUiJ 



^ Jij^l :(n) J5Li ► 
JJPWM .PPM^-jLil 
PAM SjLiI 




PCM 3^jll ^irit'tW j^u^iiUl 



PCM Pulse Code Modulation 






Ljj^\ iiUail jt-lajw jS'^ ».L^ <. A^L^I oLiU (jLk.S' jLJ^II cjj-^ c^^lii^ ^ ( 3.4kHz ....0.4kHz) 



lii 



PCM SjLiii ^jiA^j '-^^i^ 

tojLi^l oJu!si-_id5'4Jl jl PCM 5jLi| jJ jj aJ-ojJ ^-~^jJ' cjUjSCoJJ^jJ: .,,^11 IjIj>^I (17) J^Li*^ 



\r 



JL.jMi 



5J;UjJi5jLi>l 



LPF 



j i t^fl-> al>3 jiy-' ?^-^ J^ 



oLoJI i^l 



ji-fl-^ 



J'y /iij'_>j' J 



i~ 



A/D ^jr*^j ^yijUJ J_pB-a 



8bit PCM 



RAM 



iS'j^y I J'^y J 



r^ 



L^a Jul dSvjLa 



. y.^^ ^y 



^-JjLw SjL^l 



JLi^MI 



PCM SjUl jLii^lj jL.jl :(W) J5Ci 

:j_^"'Sfl_p^l^ PCM SjLiI jJjJ 4JI ^yaJjj" ^;^5l^_ 

■yi^ aJj.,^)! Cjliij^Jl jJj-«-J dUij i (LPF) ^/iikla jJj-^ T^ y <_5^1 ^C^^-o-^' °J^^' J^^^i fW • ^ 

. (3.4kHz ....0.4kHz) ti^i^l JUJ-I 

?lia t (6.8KHZ ^ ^I iJuj) tf^ = 8kH^ jl J^ '-. iJU /i^ 8000 

.(256 = 2^) j^^l il^^ ^ i^ JS:] 8bit iU^I 4JU ^ t5>^-^ 256 ^■^^■^^,3 

7^ J>t2j 1. 8blt 'wo ij i5\^ ls^ .i Jj(j (_g a^iw^ IS Ll«Jo <tjj^j t j-wo Jji oji,i 4jsL^jj cjIi^^jI y^ y (»-^ • * 

. aJIjI* cjljLiI Jl Ajjiidl cjljLiNI Jj i;»cJ J'jj /j'j^ uj^»«-« ^■\>c^ . 

. 64kbit/sec (64000 = 8000*8) j^jLJ ^p^..^ PCM SjUl JljJ /t^jly Jj:>^ ^ l^j\^\ lj\Sj\ ^^wJ . n 

: jH\ ^pcJI ^ (t~i PCM ojUl tJ^ Ul 

Jl Uljdl PCM SjLiI Jij^=:J Jljj/JljJ Jj;>=^ Jl iLa:^! PCM SjLiI J^Ju . ^ 

.PAM f-Lwj^l (^>o.,^"i cjL^/aJ Jl 4jjlj:dl cjljLi^l J_ptii J^ J' diSvi^i (»jij . Y 

. 4j.^ jil a ."j .^il ojLi^l J^ 'J J .-^^^-l I LPF ^/u>j>c^ jij^ ("^ y /»Jj>tJiwj . 1 



U 



(^^LibLajJl L^j^jJl-(_yiljjJl ^J^LouiljJl 



- (Delta Modulation A M) ll)j j^uuiaj 



-^ /^''j c L^j^ iliLwJI 4;^joIj aJI;>JI aJvjoI Jj^ c3 j-*^' j^ J^ i^ '^-^j-* -^ -.-^ ■ "' JL-ojl j^Jo "j-^ ■■^~\\ IJuss i 

.(^-18/1-18) JiC^lJi^N .PCM^^jLl^t^ii^l 



x(t) 



t(ms) 



10 



(^) 



m(t) 




(i) 



bJ^ •,-■> ■,-^" ojL^j. ('— j) / L^ Ly^-^ ^—^r^^j oLaJuit.ijl ojLi]^ (1) ! ( ^ A) JSLi 



A M ,PCM (j^UaJi J:u ajjlio 



A M (. PCM ^ aJjLa^ j_^'Sfl JjJL>Jl ^j^ 



AM (.lii: 


PCM(.l]i: 


wUJI 


^^1 


i^™. 


jLijW 


JL.j)ll (.Uij 


1 


ik^j:oj 


yu 


iiKJI 


2 


Jl^lj C^ i-xJl JiaJ 


^ (>' j^"^ ^' J^' 


ivjJJ obJI iJiP 


3 


jj^ 


^ 


^SiiJ^\ JliaJI ^y> 


4 


2^lI^.N 


O ii_j;>=^ -'J^J (_j^l Tt'-^^ 


A/D tD/Ao*:ij:>^ 


5 



, (_^LgJl JLoj)!! j_^ LJLp >.lkJl iJiA jsUju^-'y i UIj^^ju-Ij Uj^ ^^1 PCM >.lk; Jju LU^ 



^0 



jJuOil JUj^l 



/ A / / 




c time (t) ;y)\ 

L space (si) .uiJi 

L frequency (f) j^^jJi 

L code (c) y)\ 

SDIVI :(^<\) JSLi 




FDM :(Y«)JiCi 



SDIVI Space Division Multiplexing 

FDM Frequency Division Multiplexing 

TDM Time Division Multiplexing 

CDM Code Division Multiplexing 



^Ic- ojiJjcu c-iljLil JL-uj il )i^wo.3^l cjLiaj ^j3>c^ 
t5:>:>^l 3LkJI ^y^ J^LSOl J">U:i^">U dUi tSLiJI ,j^ 

^ A^L^I oL<Jl5l<JI ^ jyS ::>dS' JL-jN :>Jjci<JI JL-jNI 

^ ojLi| ^ ^^1 XHi (2;5C<^ ^_^50 JiJbCuJl JLujNl ^\^s>C^\ 

.(19) JiSLi 1 4.~>uij oi jJ I 
SDM (^plSlil («u^uiUb JJuOll JLuij)fl .> 

FDM c^JJ>iJl f>imVi\\4 JJlalll JLuij^l .T 

. JL/Zj'yi obi ^jjnj ^Xs- oijJi (t^ («J baw L^LujIj 

. (20) JiLi Ji^M 

. (_jUijl jij^ ol;>t^ wo <»IA?tJU«u 



n 



TDM (jJLajJl ^uiiTAli JJlaill JLuij)^! 

.(21) JiCjiJi^^ .JLiu-Nlj JL.j)fl53^1 
TDM ,FDM iJ^^jJJl 3 (_yl4>ll (<^jiri7illlj JJialil JLuj^fl 

. (22) J^^ Ja^^ . oj.^'bll oJLft JLiju ^l AiL/?^(U JLcjJij JLil^^l o^^^l ^_ 



^ / ,^ ^ 




TDM. FDM :(YT)Jia 



71 .^ / ] 



3:Ls 



6:U 




TDM :(YUJs:i 



4Sli 



6Sti 




CDMA :(Yr) JSLi 



:CDMA ti>»jJl («-XAail)b JJuLUI JLuj^I 

4^L<JI CjljltfJl Ails' JJtlwJ iJjCuJi JL-oj^l -yi PjJ' '-^ (_5i 

r-l:j>cj^ 4Jl US' tiiiLJl i^JaJ^U aJjLLi 4>iJj>t:iwj |_^l i^JaJ^^I aa^ 
. (23) J5Li ii^^ . JUi^^lj JL.j)(l jLg^ ^ ^l> Jl 



J-" y (»Jj>tlwJ I JL/2J Jl I JOJf- aJsL^ ij A.L^j.^1 A^utjl CjLojIa^I "jS- 'a yJi^\ 'LoUiJI jj^^jJI >, -" i^J ,■) .fe'.") 



w 



. (DC) Oj-oJlwil A^jiJl '^y> i]-)^ • ^ 

! p^,iL>JJi aJjti jt-SsI 'yj 
t j'Lj'il ijlJiviJil3L.jj(1) jkvJl 4Jl^ JittJj t (UNRZ) ji.s^5.ijj«Jl (»-^ ^ isJaiJi (_5il^l ^iji . ^ 

. (24) Jiv-^ 7^ y> J-* U^ ojLi^l ^IjSi (0) jkvJl aJL^ Ji^J -^ |_^ 



UNRZ :(YOJia 



A 

























1 


1 





1 











1 


1 
























>- 



ai^^^^^^ 4JU Jic t (URZ) ^^1 Jl SijjJl *^ iJaiJi (^ib-I ^iji . Y 



UNRZ Unipolar Non Return to Zero ^^ cr^j^. c^J t^Lj'yi ioU iviJ '^\^y_ (1) jkdl 
URZ Unipolar Return to Zero -t, • - 1 m 1 - si /u;t\ - ^.-ti • • • 1 1 

<jb- j_^ ojL*.^ J~-jJ ^J '(bit) Aj^uiJl J^j i_«.m2j J^Uj 

. (25) J>^v-^ 7^ y> J-* U^" (0) jA^\ 



URZ :(Yo)Ji:^ ► 



I 





























1 











1 








1 




1 




























^^ 



^L._^(0)jkiliJUj(1)jklliJUJic t (BNRZ) ^i^l jU^j^l ^.Op «^ y^Jl^^bi^i ji . T 



BNRZ :(n)J5a 



A 

























1 


1 





1 











1 


1 
























— »- 















u 



BNRZ Bipolar Non Return to Zero 
BRZ Bipolar Return to Zero 



(DC) oj-oJiwil ijJj^l A^yi ^\jiJ>zJ\j p^ij^l IJLa jl^j 

. LJaiJi (_$il^l ?:-'^j^ ^ 4JjLi« 
jkiliJUJic t(BRZ)ji^l^l5ijjJl)i^LJalJl^^l:jViy .i 

^ \^\)Cjij f LJ'^L) oU oL/iJ ii^Lxjj (0) JIj'-U 4jl:^j (1 ) 



BRZ :(YV)Jia 



I 










































D 


1 
1 ' 




1 




















1 






1 
































— — *■ 

















ijU aJL- A-iii (1 ) jisiJl ilL^ Ji*j" t (Biphase Manchester Code) j^k! I (_^l:o ^,:UwdJb. r-iji . o 

.(28) J5ll]l ^ ^j^ yi> U5 . 



7-ij^ :(YA)JSLi ^ 

J n rail £jL^ Jl^^w^La 






n 



<)_aj:]\ A^ljNl |V^>-v2Jj i (ASK) pLJ*!^! A^ij| jj^ ...^"i Ji« t ^^^jJ' °j^^' J^ tiy*"' ti^ (»Jj>«Xwj 

. (PSK) i;j>Jl ^IjNl ^^^.^^^j L (FSK) 

. LSO^'^UI UkjSlI ^ Uj'Lj SjLiI Js- LfL«->^ "^1 t LSX^'y L^L.jl ^j^y "^J\ 5jLi)(l 

. (3UaJl ly' j^ (Jc^ • ^ • J^' ipj--" °'^kj • ^ • lAdJ-^' JC^^ J'C^ • ^ 

(ASK) ^Uj^I 2^ljl J:ifl.,^-i 

. /->^>_sAJI IJUi! ^J-g^ (29) JiSwl ■Tt^JJJ t(1) 



(o)jkjiyb-^o 



:x; 



BPF 



ASK 



^W "W "W 




*► t 



*► t 



: ^\y:f^ ^yj (Envelope Detector) iJMiJl i_«J.lS' (»Ij^^ju-1j SjLi^l oJu i_LlS' j^jj 

(FSK) 2UJJ>iJl 2^lj)fl J:ifl.,^-i 

;_$ J:^! i:>-lj ^i~>tJ iib>t^ objjj j_^ (0) j_^4]a:^l jjivaJlj (1 ) ^ak'..jl J^ljJl JL-jl /j-owiJl iJl^ J-^ai 

Y> 



vjt) 



PCM 



ITU 



vco 




FSK SjUNIxJy 



V (t) 



V, 




ijii^JI 4^13^' ilr^>-^ : (T * ) J.S^-i 

(PSK) "'Uj^\ a^lj^l J^fl.r>-i 

I ioblJi L>-Jl«jl ojLiI (^...w.?- iLol;>JI ojLi ill jj^ r-^rl '«^-»->^ t J JaJI (j^ fJu ^Xi^ "j-^ .Aril IJL& JloJJtj 

! AJ'yi i_jL^!>U ijju Ijlaj t A^jJl c-)^l.,r-?"^l |_^ LiIajtJl-oIj Ipj^ P'j^*^' j^' tV -Wj 
^^^^^^^^^^^ . (_$ii^l (jLkJl ij^y^ j^v? .^ 

. 4jLp 5i i;»tj ^ ^ .Aril IJL& >«Jl«Jo . T 
.(_5^S[liJi:S[l^y Jil JL-jUjJi Jl^l:>o .£ 

:4^ljj| j^j 
(Binary PSK) i^biJI ij^l i;^! j)fl Oy>-vflJ • 1 

, ^ -^ .Aril IJLA aj.^jt« (31 ) IS^ (1t^ ' ^jUX«j;?^^ ^jwwJ (_gJb»-l 4j^l>-l 4j>-jil J lis J^u 4^j 

m(t) 



M.(t) 
( BPSK) J^\ 



BPSK 



ASK Amplitude Shift Keying 

FSK Frequency Shift Keying 

VCO Voltage Controlled Oscillator 

GMSK Gaussian Minimum Shift Keying 

PSK Phase Shift Keying 

QPSK Quadrature Phase Shift Keying 




Y^ 



(QPSK) ijPlj^l AjjjJaJl h^\jy\ Oy>.vaj" . ^ 
.(32)J5LiJi^^;[2jt,JI,^,0] 



01 


1 


^55- y^ 


^"X^oo 


1 \ 


/l45- 


nX' 


J/IO 


225-\-^^__ 


__-'^315* 




,;,^,^-:(rT)ji:iji ^ 

(QPSK)iH^yi 



. (MPSK) oljjiJ.1 SjXc^ AjjjJaJl i^lj)fl Oy>-^ 

N^ = L^og M ► = M = 2^ 

. (jj^) y>j J5C] cjUUJI ijp yo : Nb : jl ^J 

^1 '^' "' 



, (8PSK) J\^\ itjjiJi ^IjNl ^^^^.^-MiJ (»Uii ^ .i^l 



GMSK ,_^jU-l UoJl ;;^l j)f jy>.^- . i 



1 — ► 1 t — ► -1 i^jJi oUjixil Jj:^J t Av2dl jjk]l Oli 4ji:i^l i^ij^i (jyw2J ^y> Pj^ J-* 

. (33) J5^ ii^N . SjjUdl oljj^l Oi^ J^ljdl dujj^ y> JJij 






^j J 



_p^ 



^jU-^_^ 



i^ijy l>*-'i' 



-^GMSK 



^^jUJI LJjJI i^ljNl ^j-^-^- : (rr) JSLi 



YY 



. aJ>\jj^>j\ oljLi ill f"! »Jl f*-^r' /*-* r"j^' ■ ^ u^ 
. (A/D) ,_5^j ^1 ^LjJI J_pJ.I J^«^ r^y. l5 JJ' ^jJj^s^I iik^l jr— -jl : Y^j^ 

.GMSK^UkJ tASK(.Uk: tBPSK 

. L^jJl i^iaj'yi CjLJ^ ^il • ^(T" 

. PCM ^Ik; i-jj^j Uly. ^il : ^^ 
nn(t) = 1 cos (1 000 JT t) : iJUl oUjLdI SjLiI cuIlpI lil : V^ 

. oL>Jl J^^ SjIjl! LLj> Nb:^ iapl : A^ 
PCM j;^j«-s^" ^Lki aIsLojj m(t) = 10 cos (800 Jl t) oUjL^Jl SjLiI cuL.jl lil : ^^ 

: Jj U JL:»-jU t ( L = 8 . 1 = A ) 

. PCM OjLiI L^JLiS J jj aj 4,^«0 |Y— u jJl ft-a ?")-«-"' • I * if 

tOy«^ JU^Iia^^L-jjiL-y. AJl:o'oUjLw5jLi)(01011001101 ^'biJl j^^l oJ^pI lil : ^ ^^ 

! p\Si'rC^ji\ wUP 4^Lj| J,wOj^I ojLiI f»— "jl 

.BNRZ jA^I^UijjJl j.-U> x^ iJaiJl^bjViji .Y 

. MA ^Ukjj PCM ^Ukj ^ jjU : ^r^ 

: "dH\ JJ^I ^ jsa ^ii^ULl SjUJi ^Ul (X) SjL^lj l^..:^^\ SjLJl ^.U (/) 5jU ^ : U^ 

. U^Lc oljL^I V-^' ^^'^^ cr- '^j\^\ oljL^Nl . \ 



Yr 



. n = L^ : ^yo n LsbiJl cjUli-l ^jpj L cjL;j:iJ.I ^jlp Cjy. aS*>UJI jjSJ . V 

. TDM ^^1 ^i^r*^' ^^>-^^ (^ 4^|J^^^L^I PCM (;rr<w2Jl Uyi J^ • ^ * 
. PCM ^Ik; j^ iiliJ ^I (A M) Di ^UiJ Jbo , 
. SDM J^\ ^.^\ i.bcll JL.j)(l ^jJl ^y 
. (_5iij:Jl (jUaJI oiU^J jc^j^' (V <^^^>»-« pr^^ (»IJi^::-"l Z;^ ■ 

SIj'.II jJl^\j SIj'.II Jb-ljJl JLujI /»Jo ^^-~^ L^^J^' J>«w2Ji CjLJwSj Jbs-I BPSK (»UaJ wbu . 

. J^l jjiJl oli ajjsjs^I i^ljNl r-ili ^ W^y: GMSK ^UiJ j^_ . \ o 






T /2 < T . i 



. 2f =f .^ .f > f .^ .2f < f .1 

m s • m s . m s 

: ^yis t ( A = 1 (. L = 8) PCM >»UiJ j_^ (»^r*^' ^.J^ ^^ J-^^ ijj^ • ^ 






dUi 



j:r^ 



PPM .i 



0.083W 



^ + 



dUi 



j:r^ 



PWM 



.1w .^ .96w .1 

.PSK.^ .ASK .! 

PPAM.^ .GMSK .! 



Y£ 



CiL^^il jLoJjl^ CiLxjI^^I 

Antennas And Wave Propagation 





Yo 



i\^^\ jlmVli^ c:Auj\^\ 



I jl |_^Ip Ijili jj5i jl dJCw« ^j^ ' o.b>-jJl oJLa dJci-oIji Jj«j 
. i^^j'blLi ia;w>J.I ^jj^l k^^liJl CjLLIs j_^ k^jjCo • 



Yl 



. L-v^JsLi^j^y^i^l oU-j^ jLtiil l^^jS (_$j^l i^MjJI ^j/2jL,^2j^ j_^Ip i^jjcJI ^| iiL/i^lj t L*jLt:ol 
The Electromagnetic Wave i\ ud jV^\13la^j.^\ ^^^il ^j^''^-^-^ 



^ ^^,ji^ JUmJI SJ-i 




*> X 




J 



Lij"^l .UjI 



11 ^.w^UJca jL>e^l SJ-i 



^ ' *^^ , 1^ ^^ ¥^ • ( ' / , j-Swu 



L^liol Xs- Vfs-j^ i\^J ' ^^ I j^ 3x10^ 4JJUI s-j-viJl ipj^ -ya ^^jLij Is-j,^ »l.,f7aJl ^ j..1:Uj . ^ 

. JiUl is^jJl ^Jt^J f-jj t—^-w::^ t iSy^^^ JsLoj'bll j_^ 

. JI4JU 4j>-j^l J lis !a 

. li>- j[ 7i.sA".....i l^ I oiLxjl iSjJwj I ^Ij^l ,i...o.s^ iSjJr^ 'U.wJp tJwj f^5ol i?-j^l Jjis jl is JW J.^1<J1 /wO J 

YV 



. (The Electromagnetic Spectrum) 

jl.w5uNl(_^l (J,3jjCo JLil^U4jll:jjJ.lisL^j*yijyi:ijLPj-^ . £ 

! ^"liiL L^ytj /f5\^ ^xJlj Ojji>Jl jl U^IjJI /yi Lv2jl ^Iaj jij t:)j^w>Jl jl ^LS\j<J^ljl 

i?-jll ^UJ. ol/l jM 4j J-M2ij : Refraction jL^ii^l ■ 

.(2) JSLlJI^I.U^^^jI 
i>-.vJ?Li>ij^,^5Gl i>-jll j~JJ jjis : Reflection ^^^IS^Nl ■ 

. (3) JSLlJI >Jl 
f-L:s;>tj'yij 1 5iU-l Uijjii j^ k^l^^*yi j_^ is-^^JsbJwjj-^l i>-jil ojJiLi j^ : Diffraction ^jJ~\ ■ 

. (4) j5:dji >ji . i^^iy ^1 j.vi ^ 

Lijj^j jUjJij jliil ij^ ^ Uj^Ijj j:>p jS] j\ o^y i'*)^' >* '■ interference Ju>-ljJI ■ 




ft^...v'. J .d Ul'. »flj^s^->-jj !(T) LSwJl 



J^^l I h) 




lH^ 




(1) ,^_^_^ 



I'liiiiiiiiiiii 



(k— ') (c^^ ^jJi^ cn^^^^* 




*3l a^l Jb»-1 '-P 4,_wJi>UJwj j-iS dj>- a^ ^ a,^:>- ! ( i } LSw 



^LS^NI :(r)J5Li 



f-LwiiJI (_^ L^Liol xp 1. a ».,<?" ^l~»o t A^s-w^bJuij^^^^Gl i?-jll oJ-i |_^ j~*^' y^ '■ Fading cjjii-l 



YA 



u, 



aji i_wj^l jtJ^ 100 ^_^y l}j^ ^y^ is-vwisLi^ij^^ ^y :(^) J^ 



X = ^ •• J-=J1 



f=A. 3X10B 3^^^ 
X 100x10-2 



(Ground Surface Waves) iustlatJl <Uubjifl lIiI^^II 
. jj^jLS'SOO j_^| jj^jLS' 150 ij^ A^j'bll cjU-j^I j»lA?^:i^L( j;^;;;iaiJ ^j^ JU^^II xs- 

.^^j>Ji\cji\.^"'i\ ^^^J>c^ ^\d^ i^jLS'4000jJI Jv2J (.50^ oUL^ Jl Jj-^jJl i 

. ( jj^jLS" 350 ^Ji\y- ) (»Ia?^:i-o*)U 7-ldl ^^^^1 (jLkJI \ij>^\>^ ■ 
. ii^l jj^Li>tJM 1^^ 'Ojr^ ^UjI ji \^J^\ -rSy^S ?'^-«->i^ j»Jjit:uJ.I ^Ij-^i » 

(Sky Waves) ajjUuJl ob-^il 

(yJI~u ^Xji)j.^1^ ij jj^I A-ii j-*'''^ L^.-ol5\j<Jl ytjii I ^^j^l Jl iou ijjCJ *L«-wjl j^ L^ jtJj ^XJi (Jisj 

jj-viocJ ^jj_^jUJl s-LMaiJi Jl jlku^Cjj^Ut^ 30 Jl_p-)iujw l^ ^ Uijs^ilJ li|b>l .ii^liL^jU 

. (5) JildJl J ^;^^ yn L5 t^j^^i Jl 



Y-^ 







4000 (_^| l.,f72 jL>^i (J;:-*^ tlr^^ ^— rP" ' c5^'^^' ^—r^' cjLU^ (_^ °j^ ajjLwwJI cjL^j^I (>A>t:iwj 

! JL/2J^I ^ ajjU^I cjU-j^I (>Ia?^:i-oI Ulj^i jWnlj t o-^?Ji i_3j^^l ^ jj>jL^ 

(jjj^L>c^ 30 — 3) aJUJI cjliij:Jl (jliaJ ^j-w' cj^LmsjI j^jj ,_5i^ 5j:)Uj t J>j^\ ttI?...; ^bj^ ■ 

(Space waves) iUjLAiiJl Liib..3il 

i«.;>i:u.^ isjii^tj jLlxJ'yi Jl /Jc^ («^ '-^ • J^jc^W^ 30 tV 15^' '&:i\s- Jj5nj cjL?-j^I o-Xa ^^jj j| 

'. /-.^.wj Jl a .'i' .A all cju>-j^i ,>-..vja."J 



. (6) pLtJI ^ 7^^ yi jA 1*5^ I. 4JL»<j^l ioL>/2jljl CJU>-j^I /wO aJJj 4,^wj LSLtJj I. ~ajy\ 




ajjj Jaj^ -^j^j -^j-^A; "^^ Jl.,^"Vi cjLU^ |_J ioL/iiJl oU-j^l (»Ia?^:l-o^ ajI t^JJU ^jA^JI ^j 
j;;i>J 4:>5^ AiLw^ j^l i_jLvj^ (j^^j ' JLi;^^! (_^lj^j JL-j^l ^J^lj^ ^j^ (Line - Of - Sight) (Jhj) 



R (km) = 4 ( V ht (m) + Vhr(m)) 

. jjJl: ^]^\ ^^is-" ^ JL--j)" (^'y ^liJjl : ht 



hr JLiiv.'yi j\y.j ht JL,j)ll ^^ ij^l Ji;^ 




(JL^iwil _il tA 



jUi^'^ljjL.jNlJ^^Vi^ri^iJ^'-'^ :(V)JSLi 






r\ 



R(km) = 4(Vhr(m) + V ht (m) ) K 



: j_^ /^'^^ o')lc-l aJ^U^I ^ j_y2jjjcJL)j 



R (km) = 4 ( V36 + V36 ) = 4 (6 + 6) = 48 Km 



cj^UsjNl^^isLi'^lj t (_$jL4L]l tlJlj_^j i_«jjj^,5wJl cj*yLv2j| j_^ioLs^l cjU-j^I (»Ij^^:l-oI ^iSo 

. aJLc- aJjJjJI i>-J^ ■ 

j_^1p A<>-*j t^-::^ '^j::^J 7?^'j ^^^ ^j4"' J^'j^^ ^j::^ (V j^' ojJiLil oU-jll jjbJ ■ 



(j^jsJl JaMiJi 2L<.<»ib! 

CjljLiJl (j/ajuj (»jJ^ij |J^Jj:lJIj i^^^JJ'Uj^Ij |2;^>;>t.w5''^l jliS' 

. (8) J5C>tJl j_^ ^^^ii; Ui" (. AjjLiu i_.w:jj l5>=^'^' 




(_5_j^l >_Jt>UJI cjUj^ : (a) JSLi 



. jj^j^^L) Is-^j^-Ji] i^yr^\ k_s*>UU is-w^ Tj^ (^-^ (V -^^ v^"^ jl5v>i -yi 



rv 



Troposphere ^U^Lill dJiA^] Oj] jjhinjjjjJJl tMit)r\ 



140 
130 
120 
110 
100 
90 






j;«jL»ijjjjJI iLis Jlxj . Lojij (16knri) f-LJjjl ^I j;»tJI p-tii^ (_5j:Uw« 

LL'jJu>j4^L<Jl4tf.Will.gjLP jllgjj C ?-L<JIC-i|jJu^_g3 4JUjiJl4tf.Wil 
jUa^*yij /»j^lj fc_jl. sells' AiJaJl oJlA |_^ ^J-=?=-5' yuljJaJI ^i^;-*-^ 
CjUuj lijjJU!- kiJJJlS'j tiJuijJl i-_iL^ljjJlj 4jJlC-^I i»_iL^ljj«Jlj 
(_g 4;;;>cj . JaJu^j °j'^r^J ^jJ^j (j-^ illj^ ^'-yi J ^•■inn j p^Lu»JI 

i^'^lkJI ^ :ij^j^l f-LJl jU^ (t-iaj«-^ (J^ L/2jl j^uLai^jjJI aIJs 

.(io)j5:dJi^^_u5 




t^j:>Jl ^-iUU i_-^^l oUJJl :('\)JSLlll 



400 



(_5_^>Jl >_s^(J<Jl cjUJs 



16 ^. 



.UiiJi 



jijILuO Ijl j^LuJI 




Stratosphere jjhoijjljlinll aJLJa 



rr 



Ionosphere jjhfn^jj^l ^DLda 

jj^ LftJ-oJiwj ^Jl AiUaJl ^ ^rr^ oL«^ cjIjUoI oJla ~ip\.,^'^\ (^.^^wj t ^^j'^U 4b^>i^l cjIjUJj /wLJi L^ 

Ijlj ^i,^j^jij_^*yi iLyioJu^^'y t^jSii^js^^y L;^j»59o-5o f-iiiji^jLc- loiiis . ^ 

: l^ .,,?';Lv2j^ ^1 -yij t JJJi io-Lt friAiil *» JijjJij (_^*>UIj 
. (MF) Ja^jdlj (LF) j^yiij^l ii^l cjU-j>> j_y2::i ■ 

. Lo jjj /»5^ 1900 ^^ .k^jjkl (_g^l cjM1.,i?"1j 7t-o^ ^IJLj t jjjjkL>u^ 20 ijlJo oU-j^ ^-5sjJ ■ 

. ii^l ^U^jU jJUi i J-& /PdJ ' J^JC^W^ 20 |2;P LaJSJS^ JjJj j_^I CjL;>-j1I ,_^ jjjj ■ 

•yij ; Lojij jY^ 20 dJu-wj ^ 200 f-lijjl ^Is- f^j t tju>-jj::jJl cj11;J;>- jfjlJ /-« LiJj ! F1 iaJs . T^ 

.F2 iliaJl iULojj l^.w5^ j^j t F1 ilisJl -yi Lv2jl j£ E iLisJl (jj^^J ^1 iU\iij::i\ 
iLis jtAj . tj\^jj.Xy^\j (>jJl^Ij (2;\^>t-»^N 15' cjIjUJI cjIjS /w« JjJjoI jjjIj /)-« L-^ • F2 aaJs . t 
pS\j oUj.S(L ^li5 ^"^1 UJJI ^j t^jSlI ^J=-- ^>^ L>" ^ 400 ^LiJjl Jlp F2 
i_^Ljtil i:>^l JU^ |_^ 4.s^L>- i (_$Jill o-V^ cjNLvaJ^y I ^ i.;^] J:S'^\ iaJaJl |_^ IJJ <. iJljii 
. oJLJt) cjUL^Oj^^^I aj:i\ 4JUJI cjU-j^I jLlxJl |_^ J^*-*^ ^~-^:r~ ^J^jc^W^ 30 (_5^^^^ '""" 

. jJJij ji^i j*)U ^jjjiSii oUi. i>i (ii ) J^^' 



n 



oUi :(l-U)JiCiJI 







Radiation Angle ^buii^fi ajjij^b 
^Ij (Critical Angle) i>-^^l ajjIjJI j_^I J^aJ jl j_^l JL>.jNl 4ia;>^ ^ ^J^j '•~^j^ SjiiJl iiLw» 

Jj t Al;L<JI iLiJl /^-o-vi ^J->^ jl A^>.w^Ljwj^,^5Gl p^lj^i^^l x^ialwj ^ i?-^^l AjjI^I io^ -^ pU^Nl Ajjij 

Ji:>-Juj t JJjJljj^LgJ4jjjjljOL>-j>> dj'>lj(12) JiCiJl J^j^Jaj 

. ( L j; ^ p 90 ) 4^ J-l hj\ Jl 




Vo 



Oj>jj c ~£>ji\ Jl ^j^j jJ>;»tXj L^ls ' J-i t i?-j^i ajjIjjI (_5jLwj pU«Jil ^ji V; L^l—ujl |yj B a^jIi ■ 

. /t^L« jj"-/?! ojAdJl JiL.^ 

. (B i>-jll pLjt^l ^j'j ) ^>=^' ^j'j^' (V ywl L^ f-U^^il ijjij 

Frequency jjjjJi jjib 

r-^^l ^^j:l\ i^yuj i i-^ P^-^1 ^j'j -'^^ iijJi ■ilj.ijL) 4iL>^l oJia ^iijjj t C-Jl L^-Lv2j jl I'S^ ^^ 

: ^L Critical Frequency 

^IjJl^jJj/)1\ oLLIs (3j^^^ ^1j 'ir^J*^' c^l'^J^*^ W^^ '^-^ aIwo^^I ojLi^l :>i^:>lj jl^^iJl :ii^l 
. JL-j!>U r-^l iij:Jl ^y (_^1 ol^^^ />JL^:iw: i^Ls^l jUiSlI^ 0NU2JNU IJJ ij_^jUJl s^Lsisi]! 

Layer Density a?i,iV-»)i ^li^ ^b 

! j_yis t(jlgL< djM? -^ jjSco Ai;l:u aaJ? J5' jl eU^I (V^i (13) J.5C^I j^^^ 

oJla Jl hjj_i\j}\ i>-jll J>^-^ UJU>Pj t ioiirji j^J ik^j^U iiliS' Cjli ^_^j '. /;jUl ■^^■ijl ^Slr". a ■ 

. ^j^\ j_^| owIjLp i_J->^ LfilJ ixkdl 
jSl Ik; JS\ jLwii^l jj5C L^j t iJljJl <3liSGl cjli (_5k--jJl 4ikll ^j : jtikpSlI J^IJI ilkl^ ■ 

. ioikia ijd^' Wilis' 
Jl ^j/j'j'yi -^ l-'^r*-; (_5~^ ^^ 4aW'.ll oJl& Jl i^jil (^=*--J" UJlLc- ! (jjLJl jj/aiLj 4aW". < ■ 

.^^jU-UUiAJl 




ijjjIjJI oU-j^l ij^LSotJl |_jIp j~i~ojJjjMl isllS' oI^Lj : ( ^T) ISLiJl 



n 




Skip Distance and Skip Zone CLujiuJl ^ ""^ '< ^j SjiiJaJI d^im^ 

. (14) ISLLjI Jwo ^7i_sAl; L*S t 4jjL«.oJ Cjb>-j^J 4..-^jl 

Jjl Jl L»ij.«jl Jwo 4iL.v^l ! L^u oJjJajI 4iL.w« ^^yj JfX^jj 

. ^^j^l Jl oJjj.*jl AjjL^-wJI 4:>-j^I L^I i iAj 4jaij 

:(^) iai ^ . 

. (_5_pJi k-JMjJl cjLlIs tj-w' cjL^j^I jLlifl (_^Ic- jjjj*^! ^i^ ^iJ |_^ C^>tjl 



(300GHz)4jUJj(3kHz)^y j:uj(_$JUIj t Ajjjil^lolii^l((3Lk;)j, iyoj to'yLs^^ll A.Jk:l^L^U- 
i_9*>UJl ^ bssjLliil i?Uj*y pt«-^jj *>i tAjjjil^l CjbijJl I— iiaJ (_5^^-«^' Ci^' ij^ ^''^ (*^-' JjA^Jl 

:(Y) iai lLu 
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VA 



(Polarization) <\jmjW>Ui^^j^l ^^ll ^jUoJoIluI 



. JLij^l ^Ij-* 1— iLkii^'^ '>IjU^ JLii^"^! ^Ij-* I— iLlaii^l jj5o Uj:^ >^J^ iL-^l is-j^ JLii^l Avail jl 

. iJjLJlJiI i^\Ljc^^\j (_$jjljJl i_jLki::^*^lj ^J3J'^\ i—iLkiu^"^! : j_^ <. t-jLLiu^"^! j^ i-"::5j pl_^l a^'^C i^Laj 
L^lk«:i^^(lj^ jL]Ui]LAj ti^jlljLd:::UboIU2^jJ:L|^^IJUJ>IJ5Lij<Lij :^_gl2ii-l^lka.';...^'^l . \ 

t^j^j*yi pr^j.J jjjlj^ ( jU^y^^l JUJ.I) jlj^l Jj5^Uj:>p aJ^ Jlv2^j : j^^^^I i_jUai:i-o^l ■ 

. 4jl]j>t^l /j-JSs jJI Ulj-«J i«jLLo j^lj t ^1jj..^Ij L>-lwUJb IjjU lil AJb jlUjj 

. Jaj^l c-jlk5.:....iMl pljjl T^^ji oUil J_rrJ.I JS^I . jj^j'^l 



j^l tUj^ 




; i |_5__i>lJ«Ji JU^i 



Jlj^\ JU^i 



■*-E 



""^ 4-.wJpuJ(-a J3 Ja>- 



LJ^' V 



Lkix^l 



dj>-j^l d^_Li>j 




^'L_^l JU^I 



^^JaLi-oJI Jlj>e-*ji 



■^H 



^^ytS- s_J 



IkiX^I 



JSwj t-^l.k.g.':...^*!JI jJcjj ti>-jil jLl:ol cbjl 5yb jL^^^i^l jUtil J^^-^ ^j Ijj^ljJI ejlJa.aT..,M'^l .Y 

. (5jjb (JSwo lijjjju (_55lj^l iJj^ VaXS- i-jUiil^'^l -^ f jJl iJlft Jlp Jj../2ji-l ^5vX . j-<jJl >>-'yC-^^ 



r\ 










li.sUi-J 





^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ Antennas cJul\^\ 

cjLjIj^j i-Jjjj^^SwJl ixjajl cjLjIj^ jyi j^ ^ JL>Jl j^ L»5' t JLii^^lj JLcj^l cjLU^ ^J ^jIj^I 

^- , • "^ - . , 

. 4jjJL>J| J I., ^7*^1 A-^iaJl 

oUj^^^lj_^^?^LjtJi^l;_$jjuLU^j . iPjL„ju ob^cJi ^ Lojb 7T^ Radiation f^LxJi^ill j^ : JjiJl^^^SUj i.^\s- 

'. ij if I JyJ jiJI j\ oJ^-lj Ai Js (»ljj>tl>^l (» dj 4JU ^Ij^l Jwa f-LxJi^l Ojuj (lP>^ LS^^J ' ^j'-^^^^l 

.^1_^iJL^I^lkJ|-oUj .Y 



j^^LajI |_J| 1^1 jj^ Ja-w,^ r"j-^ f*-'.'^ iy "^ ^ aJ-^joI L^Li-^lj^ij cjLjIj^I ^/2jl.,f7->- jtjssi ^|(j ,b:il La 

:JUjc^^I ajuLlJI Decibel J.;.wjjJl5Jb^jj_^l AiUi'^U Isotropic Antenna (dLj^j jjI) 

j_^ of-US^I (j--ij J-o-^J ci^^ cy'j^ • "^^ ^JyJvi"^' L^'j^ ^j^ 

^ Li' t Spherical i^j^S' J^ ji 'LpUJ.I ^^ij^j <. cjLaUj*^! ^<^^<^ 
. ajjLvJIo (y'>^' ^J^ '^'®'*^ Strength JL>^I 5JJ. jjSJj (17) JS^I 

. (dB) J;--oJJl 5.b^_^ e^'^^' (Gain) ^_ S" i_jLw^ 




J\y^ ^UJil Jik^ : ( W) JSCiJI 



-oLiJ ^Jjitjiwj iw^Li oJ^j •jS- ojLp _^ Decibel J^-wjjJI UI 
^j^jjjlpjUl -oLi«j| I 4JL LwjJjI /j^L-/j>ljj —ajj tGain (^.-wiJl 
/j^ j-^ocJI /yS.«j t *)u^ij t(dB) Ijl .-oT-^l i_j;Soj t /j.Ji<w3 jj^ A-^wJJj 
! ^ ills L-wjJUl 5jl>- ij Lo yS^^ ojJLajI i_..wj 



dB = 10Log(- 



-) 



Pin 

Antenna Characteristics cAj^\^\ q^\jus^>- 

^IjJii 7-j->i (J-C- -^i i J-* («3 jS Jwwuj t JLil^l jl JL»ij| CjLoljJii OJlSI frl^^ ^/2jl.,r7>Jl oJLft ^ CjLoI 4^1 
! [jJ 4 Lo ■/-i'il ./t4. n oJji! j^l /i-^J . CjLjIj^I |.»Jajt^ -uL^^I ojLxpb l 4j>-j^I ' s./^\ 

Gain ^ nn^ll 

♦ 
^\j^\ ^..-^ -uUjj . 4jjL.v:U Lo-fJ^ 4Jl>-IjJ| isLkJl jl ^j/?I^Lj ilaxJl (V~AJ Jl^ j_^L«J| ^Ij^I -yj 

. (dB) J.:^.JJL. 
Input Impedance ^Ij^JI J^JU Sjulq^ 

. (18) J>5Ll]I ^ pt-/j>j» j^ Ui' . j_ylj^l Ju>-J^ j_^^ j:>p jl^l i<>^ j_^| JLg^l i*^ -j^ 



n 




i_jj1jJ6 L=^j^ i>^jU^ :(^A)JSLiJl 




h>f-\j^\ ^JJis>c] 4>ij*)Ul CjIjIjJI JjJ^>J ^ 'LfSyxji ^ iLiu^j 

i^'>b=^l xs- 4j J^^axJl JiJi Ja?^ ajuU^j (_5ji^l i*JU-« ^_ Matching 

L>-J^ AjtJl^^ AjjLw^ Jj^l ojlJjl p^ j;>t^ AjtJl^^ jSvj j ! Jj-JloUj.^ 

Directivity <uiibejtifl 

A.^v'i^i ''-^-' /"-^^w t5-^' Ly'j-6^' ls'^-^J ' i-^LftL^tj^l 4^ -wo iS'l 
^ cjLolyo i]L&j t Directional Antenna 4ilkU 4;>-j^l (_5ji^l-; 
C^C^(19) Ji^l^Ui" Omnidirection Antenna AiLLUig^j^ 
^A>t:u^ U cilJi a1i«I /)-«j t cjIaI?tj^I z*^;^-^ ^ jLju , j^^-^ L^Li? 



L^y> jj- J\y!> :(^'\)JiLlll 



Radiation Pattern ^La^^l UU 



Dt4 



t (Y • ) J>5wJl j_^ U^ ia^w-t^l j^l ^1 |_^lj^l -yi oj^L/zJl AiLkJl pijjjj ^c^:^ r^Ji iaii>«^ -^ °J^^ 



l^:sj^\ hlr^^i 90' 
180- 




^1 — «:>ejl i»-i i.*J 




Antenna Efficiency ij^\^\ S&La^ 

P.^ aJI IU-IjJI SjJUI j_^I P^ (_55lj^l ^y AijtJwJl SjJii! ajj^I i^l L^L i_ayJ 



Ti = (— ^)X100% 



^ij^lS.U^ :ri 



£Y 



Uj]\jj\y^'^}s^\j]\ijjJi]\ :Pin 
Uj]\jji\j^\^lij>^\ijj2i\ : Pr 

:i^,w.vj^l t jL-jl |_^l_^ Jlv21« to-^p^ |_^ isljjLS'ClOO) (5jLJ3jJi ji (5jjilj jLijI jLp- :(V) JL-la 

aj^jUJI SjJlJI - Pin {jSyJi)^ ) lU-lJJl SjJiJi = Pr (^Ij^i ^y ) Ai^-Jl 5jJl]l . ^ 'J =^' 

5 -100 = 

i^ljjLJ 95 = 

j\y^\l^\}S .Y 
P AijiJw<JI ojJiJi 



ri = 



P. IU-IjJISjJLaJI 

in -J 



95 
ri = = 95 % 

100 



Antenna Dimension (^(34)1 jIju! 

. oLol^l ^y> (5j?^*lil p'^""^' (tiijw Oj_^j -Co oLi; (_jJJl j^L-*^l aJI dw>- t IJl:>- ^ajLi]! oLsIj^I j^ (0.5 X) 
. (0.95 X ) (_$jL»j jjuj ( X) JbiiJi J_^Li ^Ij^gJl j-^Lp JI^I i__)Lvj>- ^ ^s>c..^^\ i>-j^l J_^ t^-^ 

it 



Half Wave Dipole Antenna ^-ilaiJl (^Ij^ **r^3il ' ^■^•' ,_^l3ii 

.jj"^U^(10000-3) iti^i^lj^J.! 

. Linear j_^k=^ ii^Lkii-o^ I ■ 

. ^[J.\^ j>\jA J l2l2J>l\ j^^j ;(21) J5C^I^U5 i^L^NUlL^ ■ 



^1_^1 J_p^ 




■LpU-iJ iiki^j cLiJi ^bj i=^j^l t.a,,^' ^Ij-* : (T ^ ) JSLlJl 



££ 



Folded Dipole Antenna jCjUU ^_Ast2ii\ ,^lj-i ^j^\^ 




iS^^J jUaJ (_;/='jJ«-; ^^^ 



. jlj^U-- (1 0000 - 50) : (^ii^l isA\ 
.2dB Jlj^ :t_..^l 

. (22) JiLlJl ^ U5 : ^b^)(l JaL^ 
.(Wide Bandwidth)^ 



Monopole Antenna u_iia2iJl (JjL>.i ^\^\ 

. (23) J5Ll!I ^I Omnidirectional cjLaUj^I »^>^>^ j_^ 4jU-j^ )«^ j^ t LaUJl N Lsljjss jbuj 

.jJ^U^ (10000- 10) : t5i.5^l t5JJ.I 1 
. 2.5dB J\j^ ■.^.,^\ I 

. (23) J5Ll]I ^ jj^ L5 : ^b^^l Jak^ ■ 



io 



^•I_^l J_p^ 



^. liii^i ^^1^1 (_5j'_^' 



iliJI iLi 



JjIp- 





(JAi^l)_;^JI 



^U^> 



JaJajix^ 



4pLx_iJ Jik>>^j i—WslI (_$^U-I ^_^l_^l :(YT) LSLi 

Yagi - Uda Antenna bji ^b ,_yjiyb 
: (24) JSCdJl |_^ Ui' «. oL^^j^lj |_j^ljj<Jl ^ >»Uio J'*''^^^ Folded Dipole 

. jJ^U^ (10000- 50) iti^i^l (5^11 ■ 

. ^\y<i\j oL^jll jsJ^j (_^'>«^' (♦rr*-^ <_5^ I^U:u>l (20dB - 5dB) ^^ U 7-j\j^_ '■ ^_ S^i ■ 

j^_ US' A^\J-^\ o>L5lj^l ^y ^L (_pljj» J^sJ (24) JidJi ^ JJ& US' : ^UJ.Nl Jaid^ ■ 

. 4^UJi| Jii /w« 

. Uil FM oljUj UHF J VHF i;^^^! olilkJl ^ iijUbJl 



n 



^^Ip 



'J 



■'U^y 








<ipUJil iiki>ji J j_jpIj j_j5lys :(TOJSv-^l 



Horn -Antenna i^^\ ij^\^ 

.J;^i(20-10) JIp^^ S'ji :^^ SGI ■ 

L«^ Jlp liU:u>l aJLp ^Ij^I llfJ V'l/'^i ^r;:^"j (25) JSldJl J> yo'uS : f-U^)JI Jak^ i 
Jj(j *;ujj (.!».>?- '- ' ^;jj jS^-' ^ ."1 7I .-o7l i>i ...1 ...1 JC' . "iij g'l I i ^ a, i4.r..M ; J.^joI (»Ijj>c;l*i^i ■ 



A^ 





<^UJI (»3^ 





t 




4*lj<_i| JaJaixjj l3j1^' ty'j^ ilr° ^JsJ"^^^*"-" (T^'-^-i JJ-^ • (^ ") J.Sv-lJl 



iV 



Dish (Parabolic) Antenna j-^'--><' (.^l^^ 
. ^jjtAj>,:^ (10-1) j^ iS^^J (_}o-«^ i}'^ '■ iS^^J^^ l5-^' ■ 



V 








Cassegrain Antenna (^jjjstml^ (.jjI^^ 

.(27)j5:^i 

. jj^Ut^ (10 - l)^(_5ii^ J.*^ JLk; :(_5ii^l (_5jdl ■ 
. j>jjiciwil j^;.«-^l^j_^ I^Lju^I J;.wji (40- 10) JU (^.^ ■ 

. Jaii ^bJl jl ^jJl ^bJl ^J^.:uJ ^1 oLsl^l 



iA 



J\y.:('<y)J^jJ\ 



■ biT^^ 



15 





Sector Antenna (_^UaiaJl ^\^\ 

lij;>t^ lpUa3j_^iaJu Ji^lj ol^L oljl^Nl JLii-ulj pU-i|^^ Directional ^^y ^\y^ ^ij^ y^^ 
•y^ jA [aS lojij ^■^i 1 ij^j^j c-^ 4 J^^ iLk:iw>i A^jJ A.-^ ^iSLi Ul . 60 jl 90 j\ 120 ^iijij 

.(28)J5:dJl^ 

. (*>\i« GSM) j»Jj^:iwil t5jJi-i (»UiJl olii^ Jlk; : tiiij:Jl t5-^' J 
i^,-^^! (_$j:u^ jt.5^;>tiJl jtJj oiLpj i.^_y!>Uil 'jUl ^Ij^L iijLi* JLp *_^ jS : i^,_^^l ■ 
iJaJcJ jJiLl ^ (3dB) 1^,^^ (_$jX.^~<! ^Juit:u^ *>lt^ i. Lg:uiaJJ il^l iJiLl ij^L^ ^^^Ip bU::p| 

:(29)J5:>lJI^^j^ 



iA>^\ SJpli dia^e^ 




OdB: J 




3dB>_^ 




6dB, s 



l/"-! 



1*^1 




9dB^_^ 




iJtpJI 4^1 oj |_jjlj^l i_ i ^ ii'jUJI : ( Y '\) LSLiJi 



Sector Antenna ^Uai^ljjs :(YA)JSLiJl 



M 







?>Lki |_^| '^y p^-*->-'l i«3^ J"^^ 'Jj^ • pLx^^il i?lj>^ ■ 
. 4^U^| (»J5- dj*>\ij aJljS-I A«lS' LiaJJ j^j t(120 ) 

UJJI jS'y. ^ ^IkaJl (J:l_^l ("Ji^JU^o : ,_5)^l ("IJi^^U-'yi ■ 

Justs' iJaJd ^jJl i_Jlj^ ,_5ip (oLjIj^ aJ*>\J S^Lp) Sector 
. (30) J>5^l j_^ jVy >* ^-«-^ aJj>JI a^Lv^ 

Smart Antennas <u^JiJl oLjI^^II 




i^iJioui_^i^y^u-i^ii^ :(rujs:iJi 



j^ jjJ j_^lj (Smart Antennas) ii'JJl olJl^L. i_iy*j U iLo^^^ 
. Ajj-LiJl o'^LvaJ'^l iJijL Base Station iJjJl jS'j^ cjL5ly> ?-ljJl 

: (V O J5C^I ^y> ?n^^^ U^ t Multibeam Scanning 

iyJ iailiJl ojLi^l Jj-/pj ijjij cjLjIj^I /j>i pjJi iJ-A ^_a.>.t>r>5o 

LgJajj u*^^ /)-* S iS '^j" i_<* (♦-^^*«->JlJ ojLi jl 1 <L>5Jut^ t i_«*i i;>e^ ^Uij (cip CJ to I 1^1 oJLSs L*P J.^JJ<jj 
^yJii 1 irij^'^ Cjliij:Jl ,r~*^ ^\j)J>C^\ oJsLc-l (Jdj^ /r^ t4^>^jJl i>5U.^')l]l CjISL^LJI ix.^ o^^^j • ^ 

. cjULJI JuiJ j^l if^j-o ^j:j e-li'yi ^jiwwjsi .Y 

wv^j c i_jj^ J.I oLi^^l ^ ^1 1^1 i_w5^ ^■^^j /r^ i-L^.^?- t Ji iP>tLo 15LLi JLv2j jiI 4.^ ij ^j^-^^ . \ 

.Interferes J^IjjJI cjUI/I ^ f-U^^II ^j/i^i^ oijJl 

. iiiSoJl .sU^sJI j_^UUj t Transceiver JLJ:i-oNlj JLojNl i«ikiI-Uij(J . ^ 
. i>jj«-^ J:£\ c.s-z.^\ (_5jjiljJl Ju^l^l aJu>^ ^j'^^i • ^ 



:(Y) iai <2i^ 

! 4^ ill CjLoI 1^1 J)^ ju>cjlj i_Jolj OJj^ Jl <>.w.1jj a ./^T^>-V I <t:>-| J.U •jjC^I 

.^li)ll JLii^'^Uj^IoLsly- tUajj^loUI^I t^jlpjJJl^lj^]! t^jjJJ-l^lj^ll t^^l^l^l 



i^l 



! (»lJj>tX.-ob JL/2j^l i_jj^j 4'j^ 0^ • ' ()-" 

. ijjLo^l CjU- ill . i-J . 4~>rlj,JI L^j'il C-iU- all . I 

JL-jI i_5j''j-* (>* (km 35) Jju j_^ e^j*^' ?rlj.«. |2;P (m 25) 4^lijjl JLii>^l (_5jiy> ^'-vj'j : i^ 
. ,jfL^\j^\ ^ 4JJJ i2;>- iy>rj jy Ji^ . (j^j*^' Ttlj^ |2r^ ( m 36 ) 4^lijjl 

. ^y'ji\j -i^r^' tiJ^' i-i*)UJl ^ ^--^^1 oLLUI (jU^L ) ^^1 : 0^ 

dJJi jJLj Uj ?j;>i^jjjj*y I CjLiis jJlP i^p-o-iJl Ajjijj ijUj'bll Jj.,r?aJlj jLgjJij J^i j^lj jAU ! V -u 

? j^si^jjjj'^l -^ cjL^jII -olSoul j_^ o^jll A«ljjJI j_y!s U ! A^ 

T^^l ii^l . L-i i>-jJ-l ^-UJiNl ijjij . I 

C-ojjiJi iila^ . i oJjJiJi isLv^ . j>- 

LF t HF L UHF t EHF 



0^ 



. (dB) J-^uoJl . ^ . (Isotropic) ^^UJl J\y^\ ■ ^ ■ J^y^'^ ■ ^ 

. i^..^ i}\s^ ^^J- ^ j\ y^\ yl ^\ ^\..^\ ^\ ^':>\ '-M^ 

. ( X 0.95 ) i5jL~j ci-J^b ( ^) i^j^ JUujJl JjkJl (»aiijiwj t^ylj^l iLxjl ^jLv^ jcs- . ^j 

. oJLjti oULvi \ij>JS\ cJ^\.^^\ ^ l.b>- i^aii^l CjbjjJl (>Jix:uJ . T 

. ig^jil cjL5I_^I ^y> Sector Antenna ^IkiJl ^J\y^\ Jj^j . £ 
: ajjJLI (UljjJl (t-iajw Lgj ^-^ l5j^' ^"^UJI oLLU ^$1 • ^ 

. -ji^JjJ-^l . .^ . yJL^ aJJ Jjl .-:>- 

: (_55l_^l ilju! ia:>o L$iJl U . V 

oY 



. jixJl itfjU ^1^1 j_^l r-bsi . L-i . iijiScJl oiLjj Jjjdl .1 

.E Jlj^\ d\s^\ . ^ .H^^LiilJUil .1 

■.J\U:.j\^\^^y\i,lJ .A 

: t5jLo (1 OOM HZ) Ujjy- ^1 hrjL\ J> jl . <\ 
.jli.1 30 .^ .j^^ 3 .! 

.jl:^! 0.3 .i .j^^ 300 .^ 



or 



J 



J&JJl 




Transmission Lines 





ol 



. (Transmission Lines) JiJl 
: Jl« (Guided IVIedia i^j^l JajL«jJl) JiJi ij^k^ j^ s^Jjcu ^IjJl j^jj 

. Two - Wire Lines iJbiJi iiU^I i^jIaiS-l ^Ji^^j • 

. Coaxial Cables i;j_pJ.I J^ij^i k_syJ • 

. Impedance Matching oL^JLil h,i-\js ij-^l 5^-^y • 

. l^i;>^>j!sij Standing Waves 5ji:uJ.I oLs-jll ("j-fi* rj-^ • 

. Optical Fibers lij^\ iJUSlI isjia^ iJyJ • 



00 



2UJJL3lII (JJOJJl t-tjU^A^ u->L.niluifj ^^^>'j^ 



. (Ajj a;»e^lj 'UjUijI) 4^Jjt«jl LajI JgjW'>- *.^«J?- L*-^ JJ^ Jl I oJLa 

. (1 ) JiwJl j_^ rc-^j^ jj!s Li' lolj^^^iGl ojIjJI JL:;S'I ^l iS^ji ("^ *-ajIa jLp-) J.-iiwJ.lj 






J-.^l 




o 



/ □ □ □ \ 
/ □ □ □ \ 



-o- 



Lil™flJI 



JiJIi^ 



, (2) ASLlJI j_^ U^ (G) aJlv? j»j (C) ix^j (L) A;>i^j (R) i«jLL> AdJ ia;>- AS^ . Y 

I 



(J ii? 0-l^-j aJ ii? Lit 







01 



: ^Js- Lg-«-i -UJjuj \kl\ ia^ Jjis |_^Lp Apjj^i (Constants) cu;lji]l oJi& jj5ij 
. (G t C t L t R) OjljiJi ,*^:^»-^ f»-^j -la^i J ji^ dr^ ''H.^j^ Ai'iUJl jjSo tl~^ t J^' -^^ "J J^ ■ 
. L A^>ii-lj R iajUll jt^ ^Js- Lw5^ ^jc^^ iJj^j ' ^1-J' i^^Lo'yi dL»^ i 
. G aJl^jIIj C 4j<^I jt^ ^Js- LwisP ^j::^^ ijj^j ' ll'^L*''^! ^ju <iLJ.I ■ 

J :(^) iai ^ , 

CjIjj jt^ ,_^ip i]*>L-o'y I jVJ aJjU-SI o^LJIj jJj<^l ''^y j^Lj dlj*>Uj x^ (A^'-' ' o.iL<Jl jtJj<>i oJ^Lwoj 

.JiJlJa^ 

: j_^ \cc2Z |_^lj (Line Losses) JiJl ia^ -ii^Ltfj: ,_^4-~j UJ JiJl i3:>- j^ iJjidI iiliJl ^yi ^^^ i^v^ . V" 
. R iajUll i_--wj °j'^ J^^ (.5^ /V^ (Copper Losses) a^Uo AJLi« ■ 
^;;u 4J3UJI Silil j_j1p 5jiy-l ^b jyi ^.L^Jj (Dielectric Losses) ^\j_j^\ J3UJI jJli^ ■ 

Ju^jll Jj^ ,_^.^ljjj.l JUJ.I ^yi t-y>- 9\j^\ ijf- 7f^3 (Radiation Losses) f'UJ.Nl JJli« ■ 

jLdlj idjiJi j;;j ^MJI ijjsi Characteristic Impedance (Z^) lys i^Jlsr Jii ia^ J5G wb>-jj . 
. AiMxJI ^ y^jJI cjI^jsjJI j:>p L^Lsl:^ t>^j • J^' -^ (_5^ ^-^ l5' -**->* 



L = 400mH 




f=100MHZ 



JiJlJa^ 



z„=/y (Q)=^ 

. (5y^lj J^i ia^ A^^ • L 
. iljLiilj (UJl ia^ Ajc^ ! C 

.(3)j5:dJi^^i 



'0)J 



:(r)JSLi 



OV 



0^1 G i>lv3j^lj R i«jLLjl jJLj JUjis| i'S-'^ t i-^ JLp iL^j^l oljLi^l ^^^j jl Uj 



z. 




L 
C 


(Q) 


z. 


400: 


KlO-fi 


40 X 


10-«> 



Z =V^°°00 =100 (Q) 



=^^^^^^=^^^^=^^ Two - Wires Lines ^UjIiDI «u51uJI iJJaJJl ia^ia^ 

«: .,^7 U LJlg-j . aJjLc- o^L= Lo.^ iJJb*^! i]">Lu'^l ^"'^jj : aJL ^LtJl |_^5U_JI JlaJI Ja^^ k_iy»j 

Parallel Line c^jl^Hl la^l 

i>iJLgJ| is jliil-l ^j kJljjJJl l>j]2si- ^ Lcji >»Ji^ju-l Si, J, : Two-Wire Open Line 7-y^\ '^\ ■ ^ 

Two-Wire Ribbon (Twin Lead) Line ^J3jjjj\ j;u3ljdl j;;5U^lji Jai-I . Y 

. (4) J5^l ^ tjwi ys Li" : JiLiJI ■ 

. pi 300 JI JvsJ : Z„ S^l i^iUll ■ 





Jj.u^l ^jjJI 11^ :(o)JiLi 



Twisted Pair Line J^Jistil ^jJi laS- 

. (5) J5Ll!I ^ ij^ jA 'uS : JiLiJI i 

.(5)J5LlJI 
. Ljl (1 50) Jl (75) ^ : Z„ o>Ul i*:Ull ■ 

. (Noisy Environment) Lij^L^ aIo 



cjljLi)!l ii^ -i^-ij' -^^ Dielectric Loss iJjUJl Jii ^liJjl j» isiLl iJu j_pUj :^^\ j^jol a 

Two-Wire Shielded Line (_y43eil (ySluA\ j J (Jjilll Jsa^ 

.(6) J5LtJl j_^ j;w> j^ U5 : JiCiJI I 

^^jl:>- i_3*aJ«j 4.>^L>tJl Ov.«^l 4jaJu j»Jj ^J^^' i^ ' ^joU.wJJ 

. (6) JSC^I^I . i;U^JJ 

"^ . pi (1 00 - 50) j;uU : Z„ 0^1 i*iUll 1 

. 'i^-wj (_$iJl (_^^i j_rr*j^' *— r-~^ ^>^ 4iLJ. 4^Ijj^:l*>I Xp iijiJ.! 5jLi'>U 4iU^| : ;_->j^l |»jisl i 

^IUJI aj^TLnll la^kkiJl blj^ 



<LljIiDI <Lx5ULuJ| ia^laiJl ^J^^ 






^^^^^^^^^^^^^^^^^^^^= Impedance Matching CibLiUIl <udj^ 

(Z .^2) ^^' ojIjJI lj>-jLa ij«jLo^ 4jjLw« (Zq^jj^) (_^j'^' ojIjJI r-j^"^ 4j<jLo^ iJj^ ji (_y-*-o-; 











300 a 




J 



75 Q 



5 h 

75^2 J f^3ooa 



.-uj 1 




-f 



75 S j-^<i.*jl OtJLj^ i^jyft^ Laj Jflj>- 1 



. bijl 75 AiJl -ia^ ijuU^j (»jl 300 ^J\j-^\ IjuU^ ^2;^ : ^j"^l 
JlixJl j»jj dJJJbj t j»jl (300) jLibJl jL^ J^-*-* ajuU^j UjI (75) AiJl i^^ ixJU^ j^ : i-JliJI 



SaJjJl AiLkJljIJi^ jlS'j ti^lj lOOtijLJ JLojIjl^^^^^lSjJioJlS'lil :(r) JL^ 
t JiJl Jaj^ ^ hj^y>- ^^ J^ (_5^ W-*:r*^ ^v^ -^'j 20 c5jL~d (Reflected Powe) 

20-100 = 
Uj 80 = 



Standing Waves Sjn'imll Cilpw^l 

•yi jLPjJ jj5ij ^l~>t-; t j-W2^l (_^| IJjIp Jj^ ia;>Jl j^ iLoj^l 4SU2JI -^ '''J^ iJ^ 4JUJI oJlft j_^ 

! Uj!s t JuiJl ia:>- Jjis |_^1c- oU-j^I 

.(Load JJ-I Jl J^^I^)iL.^loUjll m 

. ( J^>l Jl J^l ^) 5JJ>I oUjll fl 

i_^lj Standing Waves ojiUwJl cjb>-j^l jj^ Ji iS^^. o^^^. ^-o-g-vi*j cjU-j^I oJu J^I-^ Ji 
oJjLjJI AiLkJl oJla C^ ^j . oAjj.«JI cjU-j.<JIj aL-oj.«JI cjU-j^I j^ Ju>-IjJI Alv2;»t» : L^L L^jjJ /;5C«j 

(9) JiwJl . (jJ.v2^l) A^j.<JI r J>-^ iajLLi J jl t JajJl 'iji^Xjm J AjjI^ AJLia J>^^ J-^ /V^ '-'' 



1^ 




Sj.a:Uv_<Jl 4^j^l ojj&U? : C^) JiLi ^ 



aL^ --jJI dj>- t-jJ 




S-ij j^l 4j>-j^l 




jjlXn.wOl A:?- 4.0' 



: iJ'yi cj^fUJI A^ljJu j»jii^ dUi (_^ ^bjj tZg Ajci\ 
[ Z|^ = oo] (Open Load) l^j:u» J^i jj^C. Ujj^p . ^ 

t aSLLJI oJlft i]*>^:U».^ J'*^^ -^Jd ^ '^^'^ i jJ.v2^1 (j^i lLjiyJ\ CjU-j^ J^'^ ^IAjjI i±JJ;>«j Lftj 
djbCi OjAX-w^jI i^-j^l Lol I I jiv? (_gjLwj jLjjIj I /r^^^ ^ ft-iipi iipol AjL^ wUP 4^j^I j iSoj 

. aJUJI oJla Twijj (10) JSdJl . ^ji^U j^l 
[ Z|^ = 0] (Short Circuited Load) Ijj-s^ai^ J^i jj^C. Ujj^p . Y 

~S\ j 4>J Ojilw^l 4;>-j^l dJjJo J t JfSv^Lo j^l j iSLs jLjjI Lol l I j-iv? (_5jLwJ IajI J2:>- i;L^ 

. iiLsJl oJuis T^^jj (11) J>5CdJl . -^SUjU 




HIGHZ LOWZ HIGHZ LOW Z 



S.C jj.'^aa Ldj ia^ iJl^ ! ( ^ W J.^-*^ 




LOWZ HIGHZ LOWZ HIGHZ 



o 



C T-f-ii^ A^ -ia-=^ iJU- ! ( ^ * ) A^^ 



[ Z|_ = Zq ] JiJi ia^ 5j^l i*JU^ Ajji Jw<J-l 4jtiLi: jj5J Uj:j> . T 



lY 



J^ 



. (12) JSLlJI >JI . JiJi J=^ J^ ijk.^\ obr^l 



I , V 




Zo = Zl 



ZL 



ZL = ZOLoXj^i=^iyu :(U)Jsa 



idj3 i-vjo (_5^-'^ 0jiivw<Jl i>-j^ Vmin ^ji J^lj Vmax 

. VSWR 5jil>.w<jl i>-j^l J^Lx-^ jl Ojilvw^JI ^yj\ 

Vmax 



VSWR = 



Vmin 



(jLu^'yi j^^ ^^^isiJi i^j^ ^i) 



•ySx^ L&j t /P-^' -^^^ jc^ ^iUaJl Ju4J OS-US' jv-Li ^ VSWR 5ji:Uw<Jl i>-j^l J^^ Aijjw -^ ^Liiwjj 

(Li*^ cUwJj iJl^ 4Jl^ ^y>j) Perfect UlJ JiJi Izs^ ^ aSUsJI Ji: j jSL t VSWR = 1 Uju>p i 

. iSlkJl JiJ ^ 5^ 5^US Jl iJU-l oJu j^ 1 .5 > VSWR > 1 Ujj^p ■ 
. Poor Matching iiliJl J^ Ss^US" ^j^lii^l ^ \jJ,y iJU-l da JoJ VSWR > 2 Ujlp ■ 

=(V)J 



4.<k^l Ul i cjDj3 10 Lf:u-i oJlS Jgjjl ^J ojAiw^l aj-j-oJJ ^^oIjiJl a^jJJI jIja< 

. <.JUic:uJ.I JiJl JJ- VSWR 5y;iJ.I a^jII J^bw l^ ^_ ^1 . \ 

?^( >.I Matched (»i^lj^ isiLl Ijla Jj!> ti^ . Y 



V max 



V min 



10 



= 3.33 



VSWR = 

(2) ^y ^1(3.33) /.Jbi.lJ.lJa:UJ5^,iuJ.li:^jllJ^l^^ijl^ . Y 



^1 



^^^^^^^^^^^^^^^^^^^^^^^^^^^^^= Reflection Factor JlJuj^l ^J^bLO 



^r 



Kp, J-^jJ^ ^j, y'jiJ Vj iL-Oj^l i>-j.<JJ j^^JajJl A.<>^lj Vpj Owljj^l i>-j.<JJ i^yJajJl 4-*^! J-j A-^vjJl 

K = ^'^ = ^l-Zq 1 

R V Z +Z 

T L 

LojsxJi AjtJLi^ ! Z. 

! ij'lil 4i*>\j«Jl ^yi Kpj A^ i_jLw::^ O^^-^ Aijyw VSWR A^ cJlS' li|j 

VSWR - 1 o 

R VSWR + 1 

VSWR = — — ^ 3 

:(Y) lal ^ 



T 

VSWR = y^ : jlo^'l3t1 ^j^*)U]l^|j^.::^U 



.(1 00 Q) ojlJLLi Ju>^ ^1 AiliaJl JUzj)! (Zq = 75 t2) tijLvj" i}:^ '^l^ ^^•> ^jjblis^ ^JJ-c^l :(£) Jl—l* 

.^j^..:iJ.li2^VSWR5ji:iJ.li:»-jll J^bwjIJi^c^ ^1 .^ 

.iiLJl5ji2i!-l^i;j_^IVSWRi*J*_ >o isi-l Sf^liS' ^ jip . Y 

1+K 
VSWR = ^ 



1-K, 



K - ^L-^o _ 100-75 _ ..^. 



Z, +Zq 100 + 75 



j_^ J^v2^ ci*>IpI aJ^U^I j_^ j_y2jjjcJUj 



VSWR = ^ = ^,:|^= 1.33 



iJU SpLi^ Jl ^, dLJi jU ; (1 .5) ^ Jl! ^j ,(1 .33) tijLJ Ja^ VSWR ^i j! U . Y 

. JaiLl lift ^\jJ>C^\j J^l ^1 aIUJI Jii ^ 



M 



Coaxial Cables ^Uj^^l JjIjSUI 

. iljijw iiiSoj aJLc- OS-US' (_5i Ju4J ia;>- JUjC^I ^^ i?-U>Jl J^j t Aj^UiJl Jsjia^Jl L^ (_5^^ (_5~^' 

: ^y (1 3) JildJl j_^ ^L-/ij^ y!> U5 Coaxial Cable ^jy-^\ J^i v^j^ 

J^yJ} Shield Vus-^ J.«ju Copper Mesh (a^U^ i5L^) J5LtJl j_^ljk-oI (^^J*^ J-^j^ • ^ 

. j;U-^jll j;u J^vaiJ Dielectric 4J3LP 5iU .V 






^'^ 




^'^J^r 




jl$v>ij A^ljij>t:u»il -^ ^^' i_^.v>j>tj f'jj J5' (»Jij>t:u>o tl~^ tAjj^pt^l Jjlj5Cl -^ oJjJlp pij-Jl liLa 

aUjL^I CJ^U^ ill Cjl5wi ^ ^'-^^J (jUa-J (C*-^ ("JjitlwJ 4jj i;>t^l LI i5ol Cols' io^ OjXS (S^^J ' (»lji^>tl^^l 

Ui dUi *^j t y 1^1 os-liSGl cjli ajj-s^I ijU'^l JjIj^ L^Ij.>:l^I j^jj jl AJ ki\:J>^\ j^-^LlJI ^vj -^J^ 

: Ala (. aJ-^jJI cLLJiJl jV" -J^-^l (_5^ (»Aj^:u^ 4jjj;>«^I JjIjSGI cJlj 

.jLibJlS;^! JloLoi^ly itjLil^'^UL^)" J^ • '^ 
ojLi ill (»--"lj o}^j>-l >t^ oJUic^Uvil lLUcS tCjIjLi ill ^/2;>t3j Lv? jj cjUUo a ./^./t4.1I L|j5oI . Y 

.La^j SjLi^l jjj»j Oscilliscope 

Wave Guides i>-jll ii^I (_^l JL-j^l iy^^\ ^ oljLiNl JiJ ^_jjj^\ cjLk;>^ ^ >»j^^jiwj . V 

. JjjJl jV" -^J-^J' (_5^ 0j..l:d.l JjIjSvJI jLilj cjlSwi cjIjjJ^ ^_^ . i 
10 



o'yUaJ)!! IJ^\ J: \^\^^'C^\ ^_ ^Ij tLjI 50 (^jLJ 5j^ i^JLu (RG-8) j (RG-58) . I 
^ AjJliiJl oljLi)[l JiJ UIp ^Ji..:uJj t^I 75 i^jLJ 5j^ i*:!^ (RG-6) j (RG-59) .^ 



LossatUHF 400 MHZ 


IJUJI oIjj^I -Up JiiJI 
LossatHFIOOMHZ 


Size-^f^l 


Coax. Type l5j.p=-^' J^^' fr 


4.7dB 


2.3dB 


^ 


RG-6 


5.9dB 


2.9dB 


Ja-QJ aJU 


RG-59 


9.4dB 


4.3dB 


j;^ 


RG - 58U 


8dB 


3.7dB 


ia-QJ aJU 


RG-8X 


4.1dB 


1.9dB 


^ 


RG-8U 


4.5dB 


1.9dB 


^ 


RG-213 


1.5dB 


0.5dB 


^ 


. L^ i=^ Hardline 



fUj^seil ^IjSJl ^JJJ^^ ^'j^ (4-^^ 

Hard) ._Jl^I ^jJI ^ (1 .5GHz) Jlj i;iUJl ^/*y I ^ (1 GHz) J\ J^. ^^Ij ^^^^ JILJ oli ■ 

. 4jjiJ.I oUji^ll 4^ jy> Jjjj b: i (Line Coaxial 

. J^i J^li ^fv2;»^ i>^Uwj^^l oU-jll iH <: ^U^)(l ^y T^UI Jii]! >.|JL*J| ■ 

j»jj ^Ij V"^' iSLdJi ij^j i_-^) ojjUxll A.y.,^\:Ju>jj^^\ cj^L>J.L) Jl>-Ij:o j'j^^ '^ ■ 
. ii^l iljijlj JLtfiJl iJLft ilijij ' tjJ^ji' ilrri iJ jUJl oililj (U^jil i<jli» /jp TiL^ t L-^J Jlp Jii oli ■ 



11 



Optical Fiber <Uj.r-i<)l JaU^I 




Loj^ *)Ij- ^I (>j^ Ji ioUiziJl cj^Ls^^I J i^j'bfl ^_jjj^L^\ iUaJl Lil t JL/2jMI cj15L>L] oajlj:uJl 

. (24) JSClJl ^ Ui' . AJivwJl ^1 Jlw-^I ^ (f-j^ Jl Lgl;_pJ 
i^l ^g^l I : (TO JSJi 

! [jjL; Lo uIJ-^JI oJUis j^l /)-«J t ( Ajj i;>t^lj A^biJl 

cjbijLJ.1 ij^ *>\jIa U5 jl |_^:j<j LiT i aJj^I cjIjsjsj:^! j:>p (jLkJl pLJl i_--wj t l.b>- aJUJI L^jj*-^ ■ 

Jjjj AiLw^ j_^ ^1 oJLjJ.! C->\l2j>z^ i?-L^ *>\i j_^ldUj t IJb>- JJi J^^-^jJl aJl«^ J*>^ aSLLJI Jii i 

. V-^^' i^'^L.bU (5Km) J.Li. (50Km) ^ 

J.«Jlj Vjjj^j^l oLLk^ J-6— d ^ iA5\;>^>^ j:;^J '-'Jj^' ^-^c^ ■ 
. (25) JSLlII ^! t c_^^lj Ju»uJlj 

^Uj)ll jiJ i^vaj ^Ul iiCj, : (Y o) JSLi . ( %a aj_^5LoJI oMLs^")II) a;,^ow cjUl.bic:i^M 




IV 




j|jjj.lj iSL^I ^JLv^-j cj*>l;l5^l JoJs cjLL^ J*^ (^^jjJI aJLp iji j^ljS' |_^| i?-U-l ■ 

^jirtA\ JaLJMJ £LxUjlJ| CjUlJLsBlui!^! 

0l^jI^lt;;ut>UjL;jLC(»jt.;,wp- t (_5jdloJi^ JL^ .^ 

. jJbJl Jj:i (JaJW ^ ^j-.^' ^U^^l Jsjia^i- ^ 

. (26) JlSwJI ^^I . A^L^I oLSL^I ^ j,^Ull tju As^jJi • ^ 
. JjjJl -^ jjjjJl ^ Oj-djull JjIjS^I jliij cjl5L>i .£ 

. ^j^l 'J^U- ^y Jirj ^JUl Jl:^1jJ1 jLil Jic : Core ^JUl .^ 
t^_JiJL 1^ j:i\ vrjULl -^ai jj!> : Cladding ^ILjJI .Y 

. A^jli-I cjI^jII ^y i-aJJl ajLJ- L5Li>^% 5iL> j^ S^Ip yis : Buffer Coating i^tjUJl . V 

(.1.^ i Jl.,r7"^l ioiijl |_^ i«Jj^:Uw<Jl Ajj-^aJl (■iU'^l Jjij^ j_^L-o'yi jj5C<Jl ajj-s^I k-aU'yi JjJ 

. Carrier oUjLtJJ ^\^ Py^\ ^si'C^^ 

iljll j_^ AJLiol jl:>p ics-j^ Ji-i^^j t aJU /^ (3x1 0^) aJJUI a::pj^ yS-l frLs^l ^ t-yJsSS j-1^ ■ 






Jl^l ^^UJI 




^I,.;w>tj Refraction jLviil ^J ^IjJozj ^sliSGl ivaiki* S^U j_^| ^bSGl aJIp S^U jy> «-j^l JLijI jcs- 

. (28) JSldJi j_^ ij^^ jA U^ t iiliS^I aJLp oilll j_^| ^L>t:o 

. (29) JSllJl ^ J;u^ jj!> U5 



i^^^i i;ji_^i = ei^ 



iaSL- pU^ 



92 = 



iiisa 



i^jU^Ol d.^2j:^tlo oib 



^^.jc^^i^ iiiisai iJip s^l. 



;^^lijl^l : (Y-^) J5Li 






-»0>Jwa f- U(^ 




iaiLM pL)*^ 



P_^ljL_50l : (YA) JSLi 



^(j (_^j-s^i f'U-ii! Reflection |_j^l5Ujl J:jJs-^_ ^>^' ^j' j^' ^-«^ J/" (01 ) ^y-^\ ^j'j cJi lil 






rj^l ijl^l > 91 



91 



JaiL« f-U-i 






92 



«iisai iJip SiU 



l«Ovjtl^ f-ut**) 






4j^ 



i^j^*^' pljj^yi ^ 4:w« ji^_ Jil ifj-^aJl k-jU'yi j_^ y^^ i. Loss JiiJi j^ t^Tj j^jJI jU j»U- J^^ 
^1 4j_pjj f-j^l ,j/2X<J j_^l iLLiJl (^Ij_l1I (j/ixj >— -:— J i^-^ : Absorption Loss ^j^UdisVI JiSi . \ 

. ^^l;>tj tllL^ ^ Juj^ jLj jjy \i- ?y>^^ AaaI] 4jLL« 15^^ . ojlj?- 



•\\ 



il^^ t iijji' liUi 71--^ ^j-s^' k_sU*yi ^t;:i>/2j ^sJs »— -r~! ^•i'^H '■ Scattering Loss ^bdl Jii . T 

ixJ.1 jLi::]! j_y (_^ jJl JjlA]! i_-^ JiiJi iJu i±j.^ : Pulse Spreading Loss is^Jl jLiiJl Jii . f 

'ij .All 'il'.MI Ig..^.^ "il c J .^iil i-il^ J .i JLUI 1 W"-?:-! i « .'■i,\->.^ • J^ J.! J Js jLJ j| j JlII Jbj Jlaj . 1 

. [^jJij ^\ JbjLj (. L^ w?j (V'jj oL?-j^l oJLa ip -^ ^Ic' Jjj U^ i *— *~^' (j^"*^ "^ LED 

. i-iJJl (_53 ol>lj:JNlj S^^JwaJl ol^b^^fl i_-:-~; JiiJi IIa ilj.b.0 : Radiation Loss f-L^J-^l Jii . o 

: aJ^I c:j*>L^jJI jlp i±jJb.=j jl JiiJi ii^ a^. '■ Coupling Loss i>-jl_)ll JiSi . 1 

.^^!lj (_Jj-^l i_ilJl iLsJPJ ■ 

. jLix>«Vl 4.^ ^ (^j,,^ll iwL^lS^ ;_gj^/2Jl I— aJJI aL^j ■ 

pljjl 4j*>\j ■^ y C^ J'^^-^-'J ' 4jjLLjJ ^^J>C^^\ jLx^l i_^.w;>tj Ajj-^aJl k.iU'yi f-ljji /)-« JbJbJl J^jJ 

Single Mode Step-Index Fiber ^^LiLl jL^ii^ll J.^ljwj ^^ill ii^JIji i-iJJI .^ 
Multimode Step-Index Fiber ^jIsiLl jL^^I J.^bwjijjd.1 ii«Jl ji ^_aJJl .Y 
Multimode Graded Index Fiber ^jjdljL^ii^ll J.^U^jiJjd.1 is^lji i_iJJI .T 

tj^laicil jLuiSlj^l J^LxAJ JLl^^JI U q 'i II j J > hjlll 

i1)jSJj (31 ) JSLtJl j_^ ij^^ y!> Ui' Jjli^i Jjis (_5i«> «^j-^ Ij^Ij IjLv^ i]LA j^^ i ,y-J^\ ii-f; (_^«-- 

. 'CjL^ ^\ (_5j.s^i i— iJ-!' ^'-J-; /y LfiLiol «-bji ^j'j^ ioj^l aa^^^I 



u-Ull 



LkiJI 



JITL 




i>>^^^ 






iUl 



(_j_^iiiJljl So'yi JjU^j -V~^I -L^I i_gj (_g^p.^l t-a-lll ,_^ s-^.hW jl « : (T^) jXi 



t(s^UaJJl^^yi0.1 JI0.05)lwl?-^,Jw^ji Core^_Jii_aJJllJL^ JL?-jj(31) JSl^l^y ^T^^Ui" 

: f-jJl IJiA Uj^ (tjkl 
jLwil ^ j£ I— iJJi Jji' ,_5)^ 5j.d:d.l 4jt>i'yi Ji" j'y i4Jjidl aJj^I ojLiM! oLaj^ i±jJ;>tj^ ■ 

. t_iJJI i_^ «-j^l JL>-i^ ( Laser ) J jJJlS' 4^j:JI j_^U j_pj-^ jj.v2» (»Ia?x::^I i^-^^j ■ 

(J^laiJl jLiSlj^l J^Lsw^ JJLalil La.aJLll jj > hjlll 



nn 




. (32) JS^I ^ \^ i^j^^\ i— iJJi Jji' (_^ c-j-viiJ jLw« J» ^1 i]LA j'bl i |>-wc^l IJi^ i_5^>-^ -^J 

oibi jLviil J^^j*-* Oj^.j ' ('UaJJl ^^ -^ ( Lijij 0.4 ) iJ^ i_JiJl ^^ jU (32) J>5Ll]I -^ t^-v^; U-5 

. aJj>-IjJ| CjISwLJIj i_Jj^L>Jl CjlSwi ^ ^\Si-C^'^ \-.o'<La 9 y^^ l-i-* jl 'i^ yji ^JlUi^\ -yij 



y\ 



. (33) L>^l ^ /rt^ J^ ">^ t jl j.«JL*ib 



JlJl 




/V\ 



j] \j\y> f-jJl iJi^ J^jj ^^j i *lkiJl ^ j^ ( L;^ 0.4 ) iio ^_1a]I Jii jU (33) J5Ll]I j^ ^w^; Ui' 

Optical Communication System cfj-^/^' JLsaj^l j^ll^ 



J^^l 



J-^al™^l 



i;^i^uSiij^ ^>j^a^i5 



4^u j^ SjLuu 




d^ '-'- 




^Lij^ SjLiI 



Optical Transmitter (^^lAJl) c^ja^aJl J^jll .^ 

ajLi*^! /j^ ..r?" j»:o <^-^ ■ U-^/M i-^ljL^^i "-^ tjc*-*^ tV "^ ^ (*^^) a^La jl ajjIaIj cjljLi| JLoj^ 



VY 



The Fiber- Optic (JTj.^ Mi . nAW ,\ 
Optical Receiver (jjj^aJl J/nlinll .V 



/~--^' cr 


u- 




'-? 


\ — / u J- 


-■ U- 


-—■a- ^-^ 


- l^^ 






- 


l/^J j' L|^'^" (^^^ 


- - 


jLJ JjA^ Jj-« 


- 


i/j~^ j-*-^ 


- 


yH^ jjli , 










cl^ck^ 


























'■ 


jjij-i jjlj 


- 


JjJ> <jLi\S 




A^JbLxJlJj-. 


B. 


i/jj jl L^'l^' f^"^ 









CKdj^^ JJlw^lj 



1 






: o^ ll),?^J tij-^' J-^' 

! ^juJ }(1 jj\^ iJl JL>-I oilp j^j ^ iJij^ J i ■/•"' 1 

.ILD ^^ jjJ ^^bj' . Y .LED ^j^ ^ ^^bo . \ 

• ly Oj^.J ijj'^^ J~2::~>II 



ILD Injection Lazer Diode 

PIN Positive- Intrinsic- Negative 

APD Avalanctie Ptioto Diode 



.Photo Diode ^JJ^ Ji^ . ^ 



vr 






Jui/bfl 



. LaIjI Ja:5^ C^i 4J jY-^ L^J^-U>JJtj ^Jl L«l jjol ^?t^j • 'iT*' 

.JiJl ii^^ Losses jJUll f-ljil^il iVj^^ 
. j»|juit:i^^l o .oj^lijuLil o . i_^^l o 

, (Z^=50 £1) ojI»lL= J.*^ ^I ilLkJl JUaj)! (Zg = 50 Q) c$jLJ Sj^ ijCVi ^^i JiJ Ja^ ^J^i.;;^! : V^^^ 

. j»Jlj^:iwil ii>JJ VSWR 5ji:iwil i>-jll J^L«-« i«-;i i^-^-w::^! o 

. o'^Ul Oi^j..,^! Kp, J VSWR j»^ ^^ >o JiJI Ja^ Ellis' ^ jL- o 

VSWR i_jLJ- (_5^I 4J»^-^ >»|j^^ji^L; (4) Jli« J^ J^I :Ai_^ 

? tijj^l Jr^ ^'^' oUjill ^ U : '\^ 

. ajjj^I Jjij^ isL^I cjUlJLj^ji^'y I ^\ iJLp : ^ • ^ 

. **; J ■,^- 1' i_3LJ Jll i_-^jj jt-oJjJu L^jClw^ Tx^j '. 1 1 jv" 



V£ 



. (_5jiai-| jL.ii'y I Jw«Lc-j iJbcil ii«jJl (_5i i— iJJl I— Jj^j L;lj» jt-ftl ^il I ^ 0^ 

: iJ^^I JJ^I ^ J5a ^ii^ULl SjUJI ^Ul (X) 5jLJ,lj i^.,;^^! 5jL*JI ^.U (/) 5jU «-^ : W^ 

. J^l ia^^ j^ ilLkJl Aij ot^liS' (V^Li (_^ VSWR ojiuJwl i>-jil (UL«-< iiy*^ (Vi ilix-^j . Y 
j_^ jLj^l ^\ 4.si2ji>tJ.I cjbijJl cjli ioLj-^l cjb^>t-lJl J~^ L^L ?rlj.Jl ^iJ SyssUs eJyJ . V 

. i-vJsbJwj^y^iOl cj'>1:>-Ij:JI J-^ i«bJl l.g::pL« ijj-^l i^U"^! Wty -^ . i 
ijjIjJI (_$jL»j ^jl }j f- 4»/2Jl JL-xjl ^ Jj ii i (_g j,,r? Jl i_iJUl U-1.2 i^j,,f?U -ul5\j<jl djJ;>tj (cS^J • ^ 

. ilLkJl |_^ pLwiil ^y (jSoT jol j^L cjljLiNi JiJ . ^ 
. illkJl ^ ^UJI ^ jJi Jll J-iUl Jl J^>l ^ oljUNl Ji: .^ 

. /i \J ^^ ^ . i 

. ^/5l:>- J5LLi jLLUl oljLiJ UJ . ^j . i»ij-L« —e- 4^ ^ LjoI JiP .1 

. i^jjLa aXj ^ V/ijtj] JCS- .i . Ou-a i^,^-^ JajjU .^ 

. /j^ e>A *j rr^l (c^ J J.,-; -LI jL,^ . i_j . L>^"....i iSUaJI /w« jj3 —S'l JlijI jL«^ . I 



Vo 



. ojG il cjU- J.I . ^j . iL« II cjL?-jil . I 

. ijjLo-wJl cjU- ill .i . ojiuJkl cjU- jil .j>- 

! k±jJj>tj 1 1 J J .,r? Li A«-=^l "Jj^ Uj;>pj ' A4JI -la^ ^ • ^ 

. JiJi iz^ Jj]? j_^ oU-j^ J^lS'ilOJjl .i . JiJi Ja^ LLgJ j_^ idjjjii iLiJI .j>- 

:^dJJi Jjj VSWR>2 j_^"Uj:>p tJiJlis^^ . 1 
. iSLkJl JiJ ji 5j~5' 5(ili5' . ^j . JiJi os-LiS' ^^LiiJl .1 

: J, (75 Q) 5j^l i*JUll oli Ajj_pJ.I JjIjSCJI /.Ji..:^^: . V 
.jULU^I^I^iijULJloljUNlJiJ . ^ . (^^UilOi^J^ljJl -^ 

. 5^..5-t.s^ jS'i U )«—*;>- .i . <LjJjL^I is iiaii-l .J>- 

! 4jjj:>J.I LI i5ol (_J j^ Jyi .A 

, 4.^™JsLjwj j^5ol oL>-jiL L>-ljjo jl jjlo )( . i_j . 1jj>- jj-^ljl 4j<jijj^ .1 

. iijJl iljiji -U^ L;~J JLe- Jii cjli . i . i^^^l ijjju^ . j>- 

'. J I. ,^7^ I ioJaJl ^ Ajj-vsJI 1— sU^^I ^\^j>C^\ <-JyS- ry> . \ 
: j_^1p AJj^/zJI l—sU^yi j^ frj.,r7ll jldjol J-oJJU . ^ • 

. ^^j^l ^bc^ L^l-^l c^' ^15:^^1 . ^ . ^^J^l ^U^l ilJJjl . I 

. JyJ^\ fU-lU j_^^jJ;-l jj^lSUi'l^l . i . ^'j-^l ?-U-lll jLviil . ^ 

! j_y!s (_5j.m2JI AJ^iwil ^ ^_gjj.,,^ll i_i^l$vU ^-v~o^l iiJijJI jL ^ ^ 

^j^ ,-;.lli a.llli 'ij.^llj.l.^ll Uij . i_i . dj^ Jl jLxjl jjj^ . I 



VI 



2u^lika]| jUi^l^ lJu^^jSulIi 2ui^i 




vv 



^^Lu^tjUi'^l^ L^^^jiLxil ^.U^f 



\Ji^ Telecommunications ij,xJi\ 5a^ JLs^^II UiJl ^ U^ Uij^ t_ajjj^,5LJl JU^I iUiJl cub^l 

. jL^^^I ^«-<»-^ CjIJj^j |V> j\ A^Lv^Jl jUi*>U A^>.v~OjJl AjJJcJl isUj J| jliUl CjLftjjijX-ul 

Jajj j_^| AiLvi^L) aJj^Ij apj.<>.w^I cjUjIa^I AiJj LfjpliS' ^jj JL/2jNI cjLU^ /Jr^-^^ ij'l ^ l$-^' 



I jl (_^Ip Ijili jj5i jl dJCw« ^yi ' oJ^jJl oJLa dJci-oIji jj«j 

, 4^l:.,r?ll jL>i*yij A^jNl oUa^l oUj5C<j t_ajUgj ^_gle^ i^yCJ • 



VA 



j_^«-wjj i.^_jjj^LJi\ cjbijj (jUa:j (300GHz-1GHz) j^ Aj<iljj| ajjj^I^JI ob^^Jl (jLkjj_^ jlk. 

. o'yUjCL^'yi oJu ^] (1) 



(_j j>-l oLolJjJtX^I 



aJ-uJIj ajj$L^\ oUIJjk::^'^! ^ j'-^'^' ^^^ 






sjjI^JI SjI^I 4^U^ — 












_*Ujj jS^.^1 CJ J u>-)C**>l *_a1 ,'j— ' JaJaj>c-a ! ( 1 } L5s— j 



c-i^l.,r?"l >»Jj>t:iwjj t(2) J>5wi 4JLi:Uw<Jl AL^»t^l j_pljj!sj iLo^^l Aii;>t^l ^Ij-* ^v^ ^j -i^^ ■^j^j (_5^ 






ij^l i=^ JU;! :(Y) JiLi 



WW «■» 



i Wl^fflU. 



v^ 



AJL-v^l U/2JJ I '"■ .^•."1' ^^ jCo Jij t jliljJI 4.^JaJl /wo UL^>-lj I. (_$ y>- J i ."iMl ./^7 \l 4^ l^'il -^o ^L)j.djj|j 

. (>UiJi i_^jj 4jj.^ . Y 

jl to^)^:?-'^! J^l A^2Jij XS- iaJii-l 4jjIj.«JI^I (jylj ^_^ iV^ AjUj^ i^iijl .ij^jJ ^^^ ^:^J^J^' -^ 

.300GHz jMGHz^^t^JUlt^ii^l JLkJli^^ . i 

j-Sjj JLwojI CJljIi < 1 /^" jovo^b p^--^l ^jJ>l Uj^ J ■/•'SI I Jaj I djjj^SvJ.! 4.^JaJl CJIjli jA-v? . 

! (^ju L« t t_i!j_5j j5^^«jl 4.«Jajl I Jj.^ (V°J 

. iijiJi cjUa;>tj5 J,J«.dd oj*>l!l iJL«-!i i^\jj^^\ ^iliaJl j^jj iL5s^ . T 

. AjjJ;-! i_Sj^^I i_Ji:o Jib]] . i 

j3 ij (»J^ Ajl^- («ij t j-itwo 'bjj Ja:>- Lo ^ ". . ' jL*2x^l <Ua;>t^j JL*ijl 4Ja:>t^ *j^ i 4jjj jS^^I <»UaJ j iSjo 

'Ua;»c^ -wo l5o 4 .i»j, \: .^\\ C->U3JaJ>7-<ij\ 4.J^I JlSwi )l I til^ yj i oJ.jw '^j-Sj AJa^t^ ^Jj>tlwj c — iL.« Ajjj Ja:>- 



. 70MHz ii^jJl ii^l j_^ j_^L^*y I (jUaJl ojLi} ^j^^-^ij (>jij : j^w^l . \ 
1 1^:,^>^>_>/2J (»j ^1 oj^^' f'Lwjl j_^ aL^UJI cjIjJcJI aJI3|j_^ J^^-M ••i-^^lj-^r-"^''^'^^' j^^ • ^ 

. 1 (ijjj jSwo ojLiI (J-C' 'J J ■/'•>'' I ( n ■ .>' jJl 



jLiaJ SjL^l 



C^ 



Ui 







j^l JJ:. 



,>^ ^i. j^ rV 



JuUtJ *_4;jj jSwfl tjL-ujl j*-^-^ Jaia^'s^ ! (l } j.5^^ 

! aJ*^! (■\y>-'H\ "y jjio (_$jJlj (c^^ '— ^iJJj^V" J^-^^^^"' jW=>^ ^jJi-.,^ll Jik>t^l jVrj (4) JiwJl 
ia^^l ii^l ojLi| pLwjl ^Js- ilv^U-l oljJcJl 4JI3I j_^ J'*^ ^^J^lj Ja~w-jJl JJ^I j-^ . i 



A^ 






;ij— 










^L>B^ »_^JujLa 





>^> J:^^ 



JuLoj *.„iajjj j5s-^ u*--^---"' j^^ -«-«^**-* ! ( 4 ) , LSw" 



:(^) iai lLlj 



L^ ^|jj>cl.«..il wUf- ^JjL^ i 4jjj jS.^ (JL^Al*.^! jLg^J (JL^jl jLgj>5j »j. f. . -^W JaJaJt^l f»-~"j' 

. 4^ a,<kjl LJ.2 (J-Li (_^J aj>c^ 

,_y4ij ^JLjj^jSLfA JLullluJ jl^3 JLtujI jl^ 

• "-^.33 jf^^ t>'>* 



OuLo 



70MHz 








70MHz^j 





y^^\S^Ji^ 





J— i-v 

OuLo 



/«-<*-^J *_ilj J J jS-wfl J \.Jc^ \j J L*^j]^ /»Uaj ! ( ) (}>«^ 



AY 



>t^ J I LgXo^ AjcJs i_,.w.?- I 4JJJ j>.^l oJ.gJ>-l ■ "' ,^" 

jUU-vill Ji« : (Active Devices) 4JL*i oljil . ^ 



^1 



■jil Js^^i Jajj ^ i^jJ^xJ.1 jJjiJij iii^J.! i>-jil i]i! Ji« : (Passive Devices) i]Ui ^ oiji 



/j^ J I 1 4j J J jSw^ I 4^ Wi I ^j 4^ wb>tX-.v^ I J.gJ>- ^ I |>J!s I Jj^ I iJJJ 






i-iLl /> ./^'l ojjis f-l ijl J^-I (6) j5\^l /t^j t Ia -w5\jj i-_i;jjj5\^l cjlii J jjjj ^ (»wijijiwj :^^UJi ^Uj^i .^ 

. LpLvsJI jUi'yij A^j'yi i::jLk;>t^l j^ ^iJl i^JaJl |_^ i«Jj^:Uw<Jl 

j_^ip 4L»^ |JL» j_^ 

(7) J5LlJI .j^J^Jl 5jJi 



wUjjtjj t i_ajj j^^Swi 5jLi| i__jJbJu5^j ojJiJJ jS-jS ^jJ>c^ :(Klystron) o^jnnjKll .v 



)J^ij o«-Lool /j.^w.p»tj (J-C' ^«-*i ' ''djW^' °-^ .iwLP Oiiljjj I 4jju»tj ^jp^j 



fJ (70GHz-2GHz) i_i;jj^^ ^^^-j^ -^y ^J^ J-^-M (_55l:o (»L<w3 j^ :(IVIagnetron) ojj-"i.>L->-ill .v 






Uj^i^LJI :(A) JSLi 



03jp~~)s : (V) js:^ 



jy'^C <>U_^ : (T) JSLi 



TWT Traveling Wave Tube 



oU-j^ jyf^ (_^ J.OJU :(TWT) ai^ijJi a^^li ^-iSLa^ j»Ui-a .i 

(9) , }^-«i iy^.3 'oJLjtxJI Cj11^>i^i ^3 (»Jb»tlwjj I 4JJJ j>.^l 



At 




(»LiJL] cj*)L^j^I oL-il ("JixJiwj :l^ljlJ3 cj*iL33ll oLui! jj^lic .0 
. Gunn ^Lj t aJLJI a»jLLJI cjIj^SC^ tj_^4iJl 



-Uj-l Jl Aj^ytJ] jS^Aj aL*.*^ ! (t) ,\>^ 



t (-_ajjj^,5L«Jl cjbij:o l.y.^\:Xajj^^\ cjL^j^I JiiJ i:>-L>Jl cjj^ [^xs- iWaveguides S^^ll SJJ ■ 

. hrj^\ aJ^I ^y ipj:;:^ ^\Si^\ (10) J5Ll!I ^;^ . JJ^Jl hlf Jil ^j^j l^lJb oU-j^l 
.(1 1 ) JiLiJl ^^1 . i_ijjjj^,5\J.I r-l^l i3y isJi\ oLjI_^I j_^I j jy> A~vJsbJwj^,^iOl oU-jil 

. Av?lj-I A^l:,,^ll oLLJaJI ,t,^2JU ^ .V 





ijjjjSLJI r-l^l ,_ylp i?-j^l iJjl clAj^i-ol : ( ^ ^) J.^1^ 



i?-j^l ilj"!!! ipjiia JlSLiI : ( ^ * ) J^-i 



A£ 



. 4jjy»J.lj AJbiJl AiJi JhjLs-zj iSjLLi Losses jlSUII ili ■ 

. (Sy^^^ J^' Isjlssi- ojji -^ j^l aJLp JiLkj A^s-wisbJwj^^^^Gl cjL^jII Juij |_^ Lgjj-^ ■ 

, Special Coupling J-,^jJl -l^liJ Jup i^jji! i^U- oljil j_^l Lp>-l^j t L^^UaJ L^^y i.jjw' m 

. JjIjS^L i(jL5» aJLp iilS' cjli ■ 



^^j (. i>-jil JJi tkL> iUjI iJlp 'CuJ |_^ j.*:>j (Cut-Off Frequency) *Jai ii^" As^y JJi J53 ^jj . X 
JSl La:i:i^ oljLil jL-j| jiCc M i.i~>.^ t J^-*^' j^ ji^^ c^- ■^ V J^' • "^^ ^j^' J^-^^ ^JsiJl :>:>jj 

. ijL 1.^1 LgJJtJur ^aJ ^Jlj t LajI is i]a;>- Jwo (_gj;>- ill 

. (Skin Effect) ^Js^l ^b SyiUi j_^ i^Jjdl jy> ,j^. L«-« 



Ao 



Waveguides Shapes l>-y>}\ i)^! JliLiI 
5jLp yi>j t Lpj^ l>-yj\ 4J.5I f-lj^l ^1 Jbuj ( Rectangular Waveguide ) JJai.J.1 i>-jil JJi . ^ 








.(14) JSldJl j^ ^<^v2:oU5 JJjJl i_iv2r^ ^y 

c 



f = 



2a 






, aJU/j^ (3x10s)iiJUl<^j^llp^^ :C 
.(14 J5:^l>Jl) JJ^I^ J> :a 



. Ss^\ l^y^\ JL.j)( ._^LJI JJjJl ^ J> C_.^l 



a = 



f - ^ 




^^- 2a 




3x108 


0.3 



♦-a = 



2f 



:J =Jl 



2x3.3x10^ 6.6 



= 0.045 m 



(JJjJl^J>) a = 4.5 



cm 



Al 



•f^ jjn U^ (a)JJjJl «Ij5< (jjls i_ <.,<?"' (5jL~j (b) J,Ja:Uw«Jl J^jJ' k1lL= ^ j^ oI ^jjw j^>a<JI -^j 




a = 2b 



-^b = Y^ 



(_Sy"|jLj| ir-j^l JJj : ( ^ o) JSLi 



Circular Waveguide ^^IjJI i>-jll JJ^ .Y 
I5wi jl ^1 «-bj.g5Uj Lv3 j^ji J.^ ^Jj«^ *— 'jc^' ' '^. j-*j 

. (1 5) JSC^I ^1 . (_5^ii AJ^kLl 

i. (Elliptical Flexible Waveguide) ( jj.1) ^jjU^I i?-jll JJi . V 

. (1 6) J5Ll!I jJ /rr* j^ ^-*^ • lSj^--^ ><Jai>i j^j 

L^L« ALt>tj U^ t (_5^ '^^'^j Flexible Aiij^^ Pj^' '-^ j'-^^ 
j^ liJ tUUj Lo^U -vJ j_^L>-ljJl 4;>tia^ d^ i4Jjii<Jl cjljLiM! (_^Ij«-J1 '^V'j^ • j^ '^^jc^ f»-*' ^' 

. 4^ljj>t;U»il Jj^ jjjj j^j^ J LowUP Oj-Ji-v? xJsLLo ^ JaAS (>JL?^;Uw« 

Waveguide Input/Output Methods l>-j^\ JJi j^ r|>^)"j JL^-^)" 3j^ 
. ( (5j_p^ Jj15G (_^IaJI J-/'jll ) Probe ,j-^r«-« * 




0^1 i^j^l JJi : ( n) JS^ 



AY 



. Loop 4ii^ ■ 

. (Window Slot Or Aperature) (as>^) siiU ■ 

JJ:> Ju5^b jJ«-s^ (j-^?=-* ^»-^J (^ AJujlal] ojj* ^ : ^__^.>.j>=il ^IJui=::^L; ?r^y>-y^j Jl:>-i^/l . ^ 

.(17) J5:^1>J1 



J '-'- ■ ' ^^ y i\'^^ 





4jy^ J^^ 



.(18) JSLlll^l . H ^5^bJw JU^ jjjj" Jlp 
JUiil J--/2;»=j IaXp t i:>-j^l JJjJ (_5ii^l (jLkJl ^j^ Cy^ ilUJi |_^ jLJl jLJl ^^^ jlS' \'^\j 




' H ^-^--.Jauijj J^ jJaj>- 



<ii:>- 



/ / 
/ ^ / 
/ ^ / 
/ ^ / 



/ 



-^ 



/ 




iiUJI (.|.Jl^:;..L 2:'j^)"j J^^)" • (^^)J^ 



AA 







3 



E lP^j^ JW- 




T^y yt> U^ (.i?-j^l JJi jLw< ^ Uj3ij;>-j Jl^(_^ ^j-« ij^^ iW'y' p'j^"^' (>A>tX.J : Bends ^i^^ifi ■ 

.(20)J5:^ 

.(21) JiC.LJlii^'y . l^ i_i;jj^5LJl 



Wt!^ 



#^ 




. i^LJl (adapters) o">lj_pdl (^J^l ajUJI olgJ (^jJ^juJ .sl^-^Ii Jj^^j ^>« aiiliitli JlSLiifi j;u lajjJi aJb^seJ 

oUjI j_^ ^^ j_^l i_i;jj^,5LJl SjLiI j>> i:^ Jb^Sl >>Ji^jiwj :Directional Coupler (_jAbsj:ii iajijJi 
f-ljjl ^s>-\ (22) JiwJl ^j^j t oUj^I dUi (_^ ojLiNi dilJ (5j:i~^ ^_^ jc^^' 'Jj'^ cT'W^' e^'^*^ Cx:'^ 

ou»ej jll ^j ojLi^l /j,J!s ill <»jA;j wb>-lj ou>tjl ^3 I «jjj j>.^l CJIjLiI jjjAJ ■71.0-wj JSOlatOr (JjLaJl 

. iajjidw^l f-l ij ill Jj-I (23) ISLi /i-^j t ^.v5^1a.«jI 



A-^ 





j> :(Yr)js:^ 



^UJlJ^j :(YY) JiC^ 



^y 5jJ.L« aJj (_$JJl JiiJl j_^l (port) ILa (_$! jy> A^iliJl SjLiNi jiy^ ^jJ-c^_ :Circulator j^j1\ 



ih-y 



T lii. 




J-iu^ 



-ni-. — ►- 

r 




\ Ji;^ 




Jajlj^l j\ oljjJ^I jl i?-j^l JJjs iJl^l J^l >LgJ^ >>Ji^juJ :Terminator 'a>.^\ JJj sl4i! ajilai 





:^j^l JJj i^L^I ijJis : (Y o) J5Li 



i_jjlkJl oljLi^fl (_$ji~» ^ jriUtJl jl cjLoLiJi |_^ly^S[ oLaj^I /.j^^juJ :Attenuator cjUajIi 

. CJUAj^I 9\y\ (J-^^AJ (26) I5wi Tx^yl L L^J^Jii jj Jl 



K^-^ 





oLa_^I :(n) JiCi 
f-ljjl .b>-l (27) J>^v-i /fixiJ ' '— *dJJj^v*-^' cjI^^jj /-« jKr'^ ti'-^ jij^ (»Jj>t:iwj :Filters cjbtaijll ■ 

^-.^^fl^^ ! CJ3JJJ j^^^l JLvSjI Ol>~Ji A J. l> .,r^" J^ L^IpIj,^ k_^ljjl J 4<^VI 

^^:(TV)JSLi 

. iLiXwil ojLi^ill J^ 4^ljjL> 4jj.d:Jl i^y...^ . o 

Jiio olp iijJI 4.0^ j*5\j L*^ °j^J / J—^' l/-' '— ''iJJj^^' ■^'^^ i^ — i-v^ Ji JJI 4.0^ (1) 4JSJ "lAloJ 

. (iljj.^ oALj 4jjl j>lj J_;u I 4jjJj>J.I 



a^lluaJl jUi'^l ^^tAM 




Ji« ' J^' isjia^ A.^Jii'y iU^Ca i«J;>- A^llvsJi jUi^^l (>Jij 

j_^l JUsl'^l oUjb:- (.Ji; U5 aj^^I kJLJ'Sllj A^U^I Jjl_^l 

4^l:.,r?ll jUi^^l CJj» JSj tAj^L^aiJl CjLS'j^Ij CjIjjLLJIj /;-^--J' 



(Telstar) jli^ J; ^L^ ^^ : ( T A) JiLi 



'\\ 




(> JiiJiwj iJ Jjw l^ -s- ojLc- jLS'j 1^1 \ja3 jlUl ^ '^ "\ • (>Ip j_^ 

<>Lp (jll»lj AT&T iS'jJi j^bjl -yi jl5' ,_^«;^ (_5^^~^ y^ <Jj' 
. (JupLj J5^ «ujj |j^j*il Jj:^ j_j?t_LaJ jIj^ ^ ^-^33 1962 

UiljU^I OJbljjj A^LsizJl jl^'yi iUiJi jjjiaj^ljj dJJi Jj^ 



oUlUo 



C5^ 



("jj^l /"Ll^ (j^'^ Ls^^"'' ^ : (T V J^ 



. ^j^j'yi prig. J iJljJ«J;-l wvJjL/iJLl LaJ^ ^Xi- . \ 



Jj^>t>j jLg^ j_^1p ^^y^j AjjliUlj isijLgJi oIj:>aJI JL-j|j ijjiJ S^Lp^^ ^j^s-c^ : cJ^\^'^\ jUil ■ 
L^LojUjLp|jL^jij j^j^r^j tt;;y<^:>:>y j_^olj:iJl jLJ:L^L;(»jij3L^jj^j tTransponder:>:>^l 

tA^bll oljJcJI J t—iygljjJl '^\jaj ...SWU 4JL>o jjjjl ^_^ j^Lwj jLiI ^^ : aj^^I •iU^j'ill jUil ■ 

.COSMOS (j-j^jj^ 3 TIROS ^jj^o 
^,^lj cjI^,;><JJ jj.,r?ll JsUJl J jjSGl iiijj; CJ-4JJ tA;>^>-UJi i±jUtj*>U jUil (_yis liuJLp jUil ■ 

oIjjLLJIj /;-i-Ji J^Lwjj GPS ^ijli -^-^ (_5^ ^■^s-c^ a^L^? jUil ipj.«.;>t^ ^^yn : 4;>-'>\il jUil ■ 

.GPS NAVASTAR satellites J^ <. \.^p.^j JUJL^ Jj> 



-^Y 



i\jc\h^)\ jUiMJ iUojjjJl CjIJL^^JI 

43U2JI -jjj^xJ |y>t.^ iLli CjLjLkjj 4;>.w.«-^ ^ilis 7-ijJi /y dj^ U> UIp ^ liSUaJI SJl>-j 1 
^ tiJ"^' ijijJl ^'ijj'^i (j-^^ c5^ C"^^*'-^J OjSjJl U^^j^ i_SjjuU> j_^Ip ^Sy^ ^-^' 4.<j2J'Vlj 

. A^s-v-o^l ic-j.«.;>J.I i^^ljS' Jl iLo^l jLi'yi 

oUJuw JLujIj i^^j*^! jvis;>tX]l i*JaJl x^ JLv2J Ml ^oJl>- Jl oJift (»Ju>t:Uvjj I CjLSI fc^l J C^'ilLvaj il oA>-j ■ 
. 0»t^jj r^J r«-*jl J^-^ i_«^ (t-Ss;^ jl 4.«^j ill 4ia>t.^ lT^ 'uJaJ ill (j.'iju ^j t j.*ijl 4jl^- J-P 

(28) JiLl!! ^ l^^yjSlI Jj^ oIjIJl. ^ LpU^I jUiSlI ^jjjo-j 

! ^L L^ oIjIj^I ojjis 1 "'■-^"j I Lg^lJitX^I 4j«„Js 1^,..^.?- dJjij 

.(MEO) J^^ljljil .Y 

?ri^..i j2r" 35768Km j^liJjl J^ ^,^1 ^<-si'j; jL; tiiJi ^_j t (j^j^^l j-^ SJ^Ij aj>1j J^ ikL^^ j_^ oljlJuJi 

GEO Geostationary Orbit iil^yi . ^LvaJl j^l ^^ JU^I ^ AjLL)! SJiw j»i^ '^^Pr^ 

MEO Medium Orbit . .^1 jl^ J^ ^1 ^ T^^JU^ JU^"^I .LL Jl 

LEO Low Orbit 




^^ ^^^^^^^^^^™ (MEO) (^jkLui^Jl jIlAII 

Jj^4j4^Lv2Jl jUiSfl jjJJj t^jSll^ck-o^ 12000Km JISOOOKm Ail j^ jIj^I iJu jjuj 

■ysi^^ji ^....y^j t 4^w>tJjlsl jl AJjjI^ CjIjIJ^I oJLas jj5i Jij t ic-Lo 1 2 |_^| 2 J5 5 J^lj ojjj) L5vjj tjj/ij'yi 



"^r 



\JJt> 



.GPS *i\yil\ JbJU>J ioikjl ^ Pj^' 
(LEO) (jiaiLStiil jlJdl 

ip^^ jjjJjUiSlI jU ^jiJl Ijla^...;™;Jj_^j'S(I ^Ja^^ 900Km j_^l 500Km iiL-^ ^y jI»lJI IJLa jx^ 
5 j5ol A^-L.w« , Ul^ Wrr^ J cjUi iLx.*!] LfiiJ ic'j.wj J;>^j:i^ ^Jl iJ-^iUw^Jl ajjJj>JI i_iilj^l i^JaJl j Jaj 

. UjiJIj (» jjJbjl 4,<»JaJ^I oJLA /i-*J ' 4.>-/J>j^l 

. jt-SoOl CJuas'TL/ij I. o\J/C^Ji\j JL»ij ill CjUa;>t^ Jl (^-wioj 

Jl/nliri^lj JLuj^l oUasfi^ 

L^^j^^^^n^^ Jij A-oJiJlj ijjLiJjJij A^L^I .-iVl .^ 7^1 i^jajl ^ l^ oJjJl 

* nt^Mj A-oiiJl Ji^ t isis JLi^^U ynU L^j (29) ASLlJI j_^ U^ oUjLtJl 
oJ^j -yi (5 jliUl JLiL-o^l i«JaJl jjScjj t aJji^JI (5JliJdl JLii^^l 

. (30) J>5Ll!I ^ Ui" i^jU- 50^ jj ^r^''^ 

i^H^ 1 \ j^l oljLiI (V*^J i_r~^ ("j^J : (Dish) jj;»w2Jl (_^lj^ ■ 

^^r '^'^ I . Ji^lj_^U-5J^j J^J^^I^bwaJl 

^^« IB^ / j,jkv2>i(_jip t5j::^j(LNB)jjijj-iJljj/itf^xiaii^l^^j^l^ ■ 

^^ ^V^^kif (^JJl (Downconverter)ii^j_^l^j LNAj_^_j-iJlj_,,<2jti^ 

^^***'^^M o^ 1450-950MHZ Jl 1 2.2-1 2.7GHz JlkJl ^^/ii^ |>ji 

.^-.-jJiiall .5.5^1 jL^U (»jij^JJl (Tuner) 5L4JI (^..^U ■ 
(».b»tjiwj jtj 1 4.^*3 J I cjljLi J I jwo 4j.wJ.^ J I QPSK ^ ^ ■.■^" i-_tf..L5vj (»j-4j ^ -^ . atiI i_ijio ■ 

. 4J!sj.dll 4,^«JjJI CjUL>-I -»■ .^.^Tl Uaii-I -^ -^ ■.-^" 




lJjUJu JLai^lj JL«jl (>lkj : (T ' ) L^ 




i^jUL-JLiL^UUiJ :(r^)JSLi 



jLsij 






O-i. 



^J-^ijjl 1 A J4. -. a J^ jJi ^^L>- 






12.2- 12.7 GHZ 



950-1450 MHz 



C^ 



iJ^IJUj^^l 



5LiJI_^U 



Lkj>EJl -»•->- -.^ jj •] ■■> ■--'"^1 k_iL^lS 



:jj-42JI S_V:>-j 



i 



jjj.^i oJ;»-j 



^^^1 ^^LjtflJI S-i^j 



Jjj^ljJI JLiu-;MI SJ^J 



'1 ■ /^« (_5jUJj J La.:.,..' I ("liij : (TY) J.^-i 

! A^L^aJl jUi^^l cj^Lv2jI i^Jiil |_^ i«wL>t:Uw<Jl cjIjsjsj:^! j^ ^Ul Jjwb>Jl 



oUlJii^Ml 


(GHz) ii^l 


JlkJIj^l 


^y oUUI Jijj ^!>UI ioiijl J ilij^l 4^l:w?JI jLi^^l iJiji ^ pJj^Jlv^ 


0.3-0.1 


VHF 


1.0-0.3 


UHF 


2.0-1.0 


L 


. o'y L^j*yi jLiI ,_y2juj t <j_pJI iU=>j*^l jLiI ^ |>jJ^jiv*j 


4.0-2.0 


S 


4.2GHz (ilkJl a^lwaJI jLi'VUJLi-.:uJj toliJl i^L^aJl jLibU (>Jii-=:^ 
JUi^Ml ^ 6.4GHz 5.9GHz JlkJI j (Downlink) JL.jMl ^ - 3.7GHz 

. (^jliUI C-JI iJiil (^ j»Jii^i:u>oj (Uplink) 


8.0-4.0 


C 


. jbljJl i.'.Mj c'^\./}~'^\ jU5l 4->li;l ^,^" ^1 (».i-ir:«o 


12.0-8.0 


X 



"^0 



. (_jjliUI ^i~Jl ^ ^Aj^:u^ 


18.0-12.0 


Ku 


. oMUaJMl jLii LJij] |_y2*j ^ ^jSz:l^_ 


27.0-18.0 


K 


40.0-27.0 


Ka 


. 4JUJI 4jcvJlj (_jJl<JI Sj—^aiJI 


75-40.0 


V 


. yjkJI J ^!U^I JlJ obi^l oJlA (.JiixJlvJ ^1 LJijSlI cJljU 


110-75 


W 


300-110 


Mm 


3000 - 300 


Mm 



(J7*^^ 



JUajMl cjIjJ ^.jy (»-^ Pj^' -^ ty : FDMA ■ 

CjliijJl pjjJ ^^-*:P" V'^j'^' CjUa^»J.I i_4ij>t>i ^ju 

. (33)J5llJl ^ U^ ^.y^ ti^v 
;ju Lw«j cjIjiSJI (»-::-v-4j pjJi iJ-* ^ (»-^ :TDMA ■ 

(jLLJl j_^Ip (_5^jJi J^^' (j-*-*^ 5.iJ;>t» ijw«j 

. (34) JSLlJI Ji^'y . 4_i: t^ii^l 

obi JS' ,_^kju ^j5^ 1 4.wij ^i.i^l (jLkJl j_^ if^j^ J^^ Pj-^' '"^ (^ cjIjIaJI J^-jj : CDMA ■ 

. JL^al^^l 'i.^ j-3 l-g."...j (Jjjiji dJj.i Jju /j.*5o l.iJj>t^ 'j~°j^ 
jiS'l ol:i:i^l ,_pij <»IjlpiJU*.I o^IpI \^_ ^-^^ aJsJcJI jlsL* ^Js- ^y]\ IJla ^y olii^xJl 9jy : SOMA ■ 
. (35) J5Ll!I ^y Li' (Spot) l^^s^ ji^L^ J^j^ (_^l^i j^l oLsIjjs* -vr j:j dUij 5y> ^y 




FDMA : (rr) JSLi 



^•\ 







f1 -f9 




f10-f2 






jLkl 




SDIVIA:(ro) JiLi 



- - S^. 

TDMA :(r0js:j. 



Transponder jjjJLII Jjsta 

(_5ii J (_5-U /i-o-^ A^^^j*^! cjjLiNl JLai^U ^jij C^^ t cj^L/2j^I jL«il iaJiJl ^^J^^ jjI J 4;>t» (»a?t:u.j 

. LNA ^^j-djjl ^/iii^^wa j»j>t.v2» (J| j^j /yj ' ciuaJ f=->^j-* j^ y^ (c-band ^J 6GHz) ^vj<-« 

jjj^(jLLJl ?i-^j» cj-sjj t (c-band j_^4GHz) iLiiw^l oljLi^l js^^ ^_yi>A>t:j r-jUJl dJJi Jj<j (»jij 




Jl^e^ I )-ijj>S 



jj^ljj^:(ri) JSLi 



"W 



. ApLvSJIj t toll ^ i_4jjj^5w>Jj CjUljj>t;U*i| 4.w.<i^ v^^' • '-^ 

. ^IjukJji I 4JJJ jSJ.1 JL^«;i^i jL^^j u^->>'j' ji-f^ cjUjSvo "^j i' ■/•''i wl^>J.i *^ t^^j '. i ,»-" 

. LgXo^ 4j(.>^ i_w.?- I 4jjj^5\J.1 5j.gj>-l ■"ila.". . /^7 S^\ '. 4^ 

Vi_i;jj^5sJ.I JLs<2jl cjlSwi , _i ■.■^" Jj>p L^LpI yi i_^ljjl jj^i*^! jss U ! A^ 

. 4^lJa-/5^l jLJ^U iJj5U.I L^jJl olJb^jJl jL/2l?^L; p-t^/pj • ^(^ 
. a .cr. .^n jL^J^I 4^to"iU 4jj^|jj| jL^4l^^l oJ;>-j CjUj5vo Sj, f. .^ll /t.-o Jl >t^ jl . /^T-^l . 7x^ J 

. i.i JJl (J »;>t^ CjU iSvo "^j ^' /^ii j>_wuJl *^ ^ j^\ 

: ijSlI JJrl ^ jsa a.liL| SjLJl ^ul (X) SjLilj ^^..^^w^Jl 5jU]l ^.u! (/) SjL^I ^^ 

. C.'.".w."Jlj ■ " ■ /-'"l I I 4JJJ jS^l CjL?-j^ ^J> jCj . T 

. Jaii i_ajjj^,5y.l oliijj j;>-5iJ j_^^\iJl j»L^I j»JL?^^ . V 

. i-_i;jj^,5\J.I CjIjs^jJ "^J^ (_5^ J^Lvj i_«jjUi .ij^J ,«ic- 4j.«-f^ ^ Jjj:UvJl$GI -UJUj . i 

. Oj-iLo 'li~~J (^Jiil Jidl |J| Jl^U (_j1 -wo ioiliJi ojLi^l jiy>^ i-_4jjjj5\AI JUsjI iaJaJl |i JJ-jJ>l (^JiAlvvj . 

.lpUjjl^S[ljUlJ^.:L^I^I^^jJlj|jillu .V 

. 4GHZ (_5iijJl (^Jiil jW" iwij*^! oljLi^l JLii^-M LpL^JI jUi^^l iJi;! |_^ ii^l Jj;>t^ j».Ai^a,vj . A 



-^A 



•o^ 



V 



V 



V 
^O- 



.300GHZ-1GHZ .^ .30GHZ - 1GHZ .1 

.dJi^ .i .3GHZ-1GHZ .^ 

. .b>-lj ol^u I 4JJJ j50.1 CJIjLiI ji_yCj .^ 

. t_i;jj^5vJ.I cjljLi| (_5j:Uw« ^ j».5\;>tijlj cjL^LiJl -i'lj^'^l .^ 

.COSMOS jj^j^jj^ . i_j . cjLwj^ .1 

.JjLaj^ .i TIROS |_^jjJ.j>- 

: iijJ^I iU^j*yi jUil j» . 1 
.COSMOS ^j^Jji" . i_j .oLJ:::! .1 

.GpsNAVASTAR .^ .J.U^ .^ 

.5000km - 500km .^ .1000km - 500km .1 

.35768km Jvaj" 4iLJ. . i 5000km-1 2000km ..^ 

.CDMA.^ .FDMA .1 

.J':>1>^^ .i .TDMA .j>- 



Telephony Networks 





a^i^ii CiiSLutJi J! ji^jLd 



1^ ...■■>- '■ J J ■.^■»'' i_Au?t^j cj ut^j;?^^ I ><^-'^ i^ ^>iuJi l5o 4.>^^L^I ajjyj) *.^j;?t^i ^1^1 jj^ o' ./>" v' Aaj 

. i>-L>Jl oJlA JlJ i^L^I iSwlJlj i_4jLgJl f'ij^i *l-=r l^J t iwalSl JjL^^I Jaii ,r~Jj Oj.,^ll AiJ 
L<JIp oJb>-j,« wLP-Iji [ji^ CJwUiJ^lj LftjLiJol (_5J,« x-wjIj ^ 1 g ■.-•^■'■' cJa^Jjij A^L^I CjOwIjI CJj Jaj 

. PSTN 4»UJl A^L^I aSL^JI oJ^jJl oJlft j_^ Jjl:::i>-» La -j^j t LLiiw^j Uj^s^L^ 
I jl (_^Ip Ijili jj5vj jl dJcw« ^j^ t oJ^jJl ciJl& dJi::^lji Jj«j 

. A^L^I 45wLjI CjU i5v^ ^1p k_3yCo 
. 4,p|jJU 1 4jL^I L»^ iiij CjU i5vo («i^ i_SjJCo 

. <LjjjLgjl *jj jXjI ov.>Ji cjU iSvo (c^ i_SjjCo 

. j»— uUll pljJij f»-wi^ ^j5Q.I ioJaJ^^I j_^1p k_ajjCo 

. Lg^pl ijL iwijLgjI cjlilSdl cjLa jjjb^ T" j^ 

. L»i| JjI 4,« JaJwO CjU iSvO (J^C' k_SjXo 



^« '^ 



<UjIJlJ| tiUiGl^JI CilSLuUl j^iaJ 



Oj.Jt.v' A^jLLoj I OJ 43 9 4jjUajj 4,j:jLa 4JUi3 ij i 4jIa (_$ jLf^ Jajj ^A Ia jb>tj| /ps^ 4.^1* 4S.>-i W... il jl 

:(1) J5CdJl^^j^yi>L5 tpl300 Jlj^ 







, ^) 



. itj^ ^LJI ._J=iJL ijl^j ^"Sll ^"LgJ' Jl V^"^' 

(Dial Tone) i^JUl i^Ju pU^ <_5^^jl ijdjW?^' ijd-^ t>ri r^j^' ^r^ (».Ip^:uJ jl ^*^ii:^ ^ bJl (»-L*Jl ^ 
iSL^iJl oJla jl ^1 ojjl^:<Jl A^L^I aSL^LJI I^J.«.?t>i ^ J'^^-*^ lS^*"' '-^'-'j^ (Jj. b:>-l:>J dUij i -o^,;>Jl 4.<J<Jj 
^^^^^^^^ .PSTNl.L^IU;l^i;5Ldi! JjS[l5ljJll*;lL^I 

PSTN Public Switched Telephone Network , , ^. ... . , , , , „, t, -^ . n • i 

U b^ bU J;50j iaA3 J;^L& iaj^ 7^-Ls^ iJkLy^\ OwXJI J^ 

. (2) J>5LiJl Ja^^ ?5wb^lj iSwi j_^ i_ajlA -^ jiS'l lij^ ^^j 

i_j:5v.<jj ila^yi i_4jL^I oJ-^I ^«-;;^>-^ oils' t^-^^ t iJljJl Jl ./^7 \l cjlSwi cjj^ Jlj^l iJift "jS- 4jL>-'>U 
J.v2:uJJ iJ^U^^^I SjIjJI Juv?j jtJo j».w2jl IIa j_^j t (3) JiLtJl j_^ Ui' jt-w2jl j_^aj (Central office) cSjS'j^i 
. (Manual Switching Bord) tij-^l Jd_p^' r jJ JUjc-^U LjJj JU^^I %rjJ ioU^^^I SjIjJL. 



■j^ 



*,w»iJ 



^ 



(.^dJL^I *_w^ ! (V) jj^wf 




*-s,.^ jj-^ 4^Ui aSLJi !(Y)JS^ 



^•Y 




. (_5jwLJ| Jjj;>tlJl ?-jJj i_«jL^I tju aJLj-^^GI ojIjJI Ao-:^ 1-JjL^I ipL».^ )<ij JLLP . \ 
•i^jj iS JUill jL (t-^^l i—iiiji J— Xj LiT i Lva^uJj ^^Uol -^jJJLi (j/'i^ lPy^ J^'Y' °*''-^' (J' cLUi (^.ijJ • Y 

. ijjjU iilis^ '■'t^I 
Jjj;>ti!l ^jJ jJiP 1jj:l1LI iL^j Jl 4ijLft iaj^ i_itls> jll Ajij . V 

I. ' " 'J /^'l oi 4^ Vj.^.„„jtXJ ojLit)\-J lOuj^ (JL^jCU*iI i^,^^j rt-^^Li^l /j^ A^Lw^l CJilj L^Jj x-JaJbj 
•jis^^l -j^ jlS' (_$Jl!Ij I. L;— ~J t^^la.ll (_^jJL^\ j.,^'^\ ^_glp JloJUj Ju j;>»:J 1 aAo^ CUilS' aIS' ^iJJS i^jij 

. Lo \S' y i.,ji.^ Jl .^"71 <uUJ> 0~4jj ; Cj'ASLL^jI j^- ^ I -iS' (tJisLvj J "C^J t ^5LjOv^jj.g5jl jj 4;>cdl i_Jji..^l 
|Y--uli«Jl Lg^Uj 4.0^ IS-wo J j.g30 1 |Y--uIa«JI Jwo oJjwbs- JL^I '"■! jglg iwJJaJI o.iljjj ^?-jJ tOOl jjl^Tll >t^j 



\>x 



tfUiul^l <i5LllDI dibjSld 



MDF Main Distribntion Frame 



: ajII cjUj5C<JI -yi (4) JiCdJi j_^ -j^j^ U^ a^L^JI ^SwiJl jj5co 

. (MDF) ^Jl ^Jj^Jl Ji^ 
. (Transmission Media) J—'ijJi i^jii^ 



Jijj^' Jj-l^v' 









Jji jiol Aw3^ <j\y>- 



<^^> 



MDF 



Job^I *_«.LiJl 



Lw«l JjI iajiaJLa 



JJ*P *--v.iJ 



4-jiJL^I 45L,tJl oU^^^ :(OJ-^-i 



1^131^ 



i«Jl5vcJI f-^j^-y i^j'iUl i^Lc'bll CjUjSCcJI J^ i^ySXiJ AJ\ ^1 4jLiJL>- CUC-J^J l—ijL^I jLf^ JJ^ ^-o-f* 

ojlij t|»^ jjI 5j^-j t4^>jjjl oJ^-j tipL«-wjlj t jjij^Ss^l «•! j?-'^! oJla (*-*Ij (5) jSLiJl ^ l^ i^L^I 
^'gk' (speech circuit) (»'i^l Sjb .^ 

f^^t ^^^ ^^ ' di!i L^ s^Jjcu f-l^jl 4i«j : (microphone) j^jjiLc .1 

l.lj^i :(o)JSLi 



djijj^^ 



■\'i 



WrJ^i,^ 



M^-St 



! (6) ISs-XJu j?t-^j^ iA 

s-Li^ ^ cjljlj:iasl 4Jj.,<?ll cjU-jil iJuJ^ . \ 
lijL~^- jlpLojI i__)jlij ojjJj t5-i-ji ijj^j v^y*' 

. l^ ..f^nj jj^ cjLs^I j^LJjI i__)jLij 



^J^Jdd 




i_jjjjj5 (jjij^,^~o :(l)JS-i 






1 



d^j^l .bil 



L5= 



4P ^ ^ 4P 



Pjiy 



U_Ji 




.loJj>- -3 f^-J (»-i-P 




AS- i.^ a^ ilp 






U_Jl 



-*► t 



AS-j^±A 



&U-wJl 



:(V)Jsa 



. iJj j:5o^I cjU i3j^5\^I (»jj^;Uvj C-^>t.«/'li i-_«jIj^I ^ cjU iSj^SwJl cjj JaJ Jij 
A^L^^^iGl ojLi^l Jj_p=^ (»j-«^ '■^--;:^ JaS">Ul J.*^ (_r^ J-*-*^ (_5^J • (speaker) *pU--JI . k-j 



^•0 




<pU_^ 



jjij^^Swj 



:(A)J^ 



ijljjljl jiLv^l ."ij-z^'l (_gj;Uw« w..,^ (_?^ UjcJ ipL«.wjlj 

(Ringer) (,_>ojjJl) <LljJuJI Sjl^j .T 

/j.^^ iSLJIji -u j;»tj| l^Ja-wjl A.uCs>^j) JlS^iu -*i ->tJI Owl^-j «'■ ■.-^" 

. ^jJl iJu (9) JiClJl ^t-^jjj (.^"blljtj 

jLj f»-;;-~-«j ,_^ie- f»ijJi i_Ji3 aJ-o^ j_^ -^-*^ j'^ l5-^'j f^-*-*^' pjJijjis : ^g^j2i\ cjJjL^I jL^ . I 

.(10) JiC^lii^'y .liSjbj t ...(2)j»i>!^^^,JuiLJj(1)j»i^5J^lj 








^«1 











1209Hz 


1336Hz 


1477Hz 


697Hz 


1 


2 


3 


770Hz 


4 


5 


6 


852Hz 


7 


8 


9 


941 Hz 


* 





# 


•f^) w ,r,-, 



tl^^ 'j^jc^ ( 697j 1209) Ujujsjs^ jL<J^j jJjj Jb>-lj f»ijJL; iv^UJl iw^l j_^ iaJ^vill -Up t ^lioi 

. Ljjj:5G| oUajJl wUJjj aJ-o-p- ^j t (iviJ ) PULSE ^\ DTMF -yi i-_4jL^I jLg^ ^ iv^UJl t^jIaoJI 

^^^^^^^ (Hook Swich) ^UaiJl ^llail .i 

DTMF Dual Tone Multi Frequency 

. \i' yj:> y> ic-U-Jl jj5o LoJilC- (»'ASGl ojb A^J '4~^l 'jl'i J^*^J * 

. APjiyi apU-JI jjivj U.A1P (»^15GI ojb Jls^jj <ujdl Sjb Avsi ■ 
45wtj A-w^jJI f-\y>-y\ 7x^ fi (11) /}^^-~^'j '/hJj^' tJ^'j^J (J^'j^^'j iji'^^'^^'j cj'^w' jJI /wo j i>Jo 



^«V 



)tJ J aXJl O^^ 



1 



ijU 



m 



iSj" "-^J-L- 




L J 

! (12) l5Liju ^Ts^j^l . RJ11 ig^-^ L^Lp Jj>-j^ Lv^ jj (J-"| jj '^-^L^i aJ-v^JU i aJL^I jLg^ Lv? jJ jtJo 

t>=rjj '■iLL-; (tJ lyj ti-i^LgJl ,_r-^ ^^-^^l iJ^I J-^j j^^j 
a^UJ i]*>L-l r-jj ^ Oj^y^j t (Drop Wire) ijj3^\ dLLJl ^Ju 
4jjpJ| J^ljjJl 4>!jLLi |_^ ojJii oli (a^jSs^%) aJjLp o:iUj t_ilJw 
^«l:>- ij^lp (c*-^ o^ H-jy (jj-^^i^ (_yj '^j^jj °j' j^" i*r" Ajtupx^l 

j..^J.l^ ("J^ 4.s^l:>- joja^ (^...w.?- ^iJJij (t_^Jj>ej jl xJ 4^ /jj Jul "yS fjL^\ iJlP Lji^ ^iJj jXjI (3j-'-^-*^ Ajt.^ JloJJ^jj 

. (13) l>^dju 7t^ ya jA 





msrs^ 




. »jjjXji AJl };>- (14) LSwJI ^Tt^ jjj t (j J Jj^v^ l5o j.Jt-v' L^ AiP 



^«A 



JjIj^GI (»JU>tiwj ^\L>i L^Ujcl-oI i_alJLAl k^*>\::?^Li i_4i:>J JjIj^CU 4ii:>t^ cjU^ i]Lft jl p^-v^; l^ ^yj 
4000 j\ 2000 <A^ cjli JjIjSGI UI t a^^ JjIjSvS" p^jj ^ ^_j>- r-ljjl Sj.,!^ -yi L^ S^Jt^l cjU^I cjli 

. 4,w^j LI i5o ^Jj>tJlwJ^ Jap*- 



/ 



PT 


W¥^ 


k 


i^ 


In "1 




?!/•■ ■ 


^ l-M 


i 


i^ - 


Jli ^ 




i 


H' J 




m 


L J 






,_5— J^l <^j_^l JSL* :(^o)J5Li 



r^_jy iJl_p- : ( ^ O J'^-i 



MDF Main Distribution Frame 



(MDF) (^(rij'ijJl 5JJ3UI J^ji^ 

oJUis (J-^ '^ jdJ t -L^ ( r^"^ '^-~~° A-^lj aj^j.*^ 4-JJj(^ f^^'^* iV° (MDF) 4,w^jJI *jj jXjI IS^jss j i5cj 

. JjIj^xJI pt;;^>^s^ |_j~vJjjl Af^l Ls^-^ ((j^j"^' o.>«j) Lf>«j ij^ 

<1j\jS^ iLv^j^l) jY-wi^l /)» i«.iL4jl LI i5ol CjLL^ Jajj jtJJ 

( A^^L^I >tjj jJI 45s^^ aJ-^j^I) 4,v>^ Jl LI i50l JajJ ^^ 
4isLoJij L> ^ '. . I Lv3 a^l f».l;j t *jj iXjl 15^^ y>-^l 4:>-jjl J-^ 

. (16) J^^L; ^w'j^'j.A Ui" (Jumper) i^UJ i]t>Lol 

Jgjl^>- (J-^ 1^1. .,f^ aJ /tJJ 4-oUj.gJ CjIjO JwO 4J i5\.^ 'Lv^U*- 4jL*:>- Cjljjt« JL«jCIojI ^J-C' L«jl.i ^^ j^^j 
LLj jl ^jS\^ i_5^ A-Ju<jl CjLJJj^Ij CjIjLJjI JwO j»_w.L«jI oJ.gj>-l 4jL>J>tJ wv^jJI *jj iXJI LS.J!s ^3 "yS S..!^] 
. s-L^LJI l.,r-?^ j_^ (Jplj.,r?ll /^jl t aJ^L^^^^I JjIjSGI iSwL) iw>-jUJl isjia^l ll*>L-ol (V^Uj ^ji^ [f- 




^l^jjJIJSL*:(U)JSLi 



^••^ 



:(Y) iai ilu 

(Switches) ^uu\2X\ 

t.t.i...'>- A^OvjT 4jaJu ■.-^'»' ' 4^JLJ>-1 *jj aj ijLo_viJ jjO JLLLI u jl---* (In" «-"j^ ^ f" is* $ * '^J) *—*?=:; ij^ • ' 

. 4J y (_5UI j_^UJl dlLJl Jji^ ilj LIS' >-a.«.v2."; LjU^^I 5jLi)(l jl 
. (jS jLiX\ -yi oJjlj:dl jsljp'y I \>\>- X^ fJ^ ij^ (t-^j ' \r-^ ^^^^ ^-"-^ '--''^ • ^ 
jjj;>ol (t-^j t L^^ L«-^ 41^."^^ iY— uIaLI j aSsj jl t— ^?^ jlS" (_5 y>-l ^J-« lc^ 1jj;i.Lo i^Jis ill^- ^ . v 

.j^")l J, — h> ^ \jjjj 

. aIIS^U c-jJl Ai tijjciwil cuijJIj (5j-tJi J^^' (_5^ U:sUj:pI . £ 

(jjj (t-g->/2j<-> ^ /pS' Jl.L<»jl Jajj iJlSs^l CJjij LjJij A.>S\Jl>waj -gSjl (t-woLi^jl i'\fs>-\j jJuJI , U>=JI r6-^ 
4j^j^I jt5^;>clJl olJL^^J jijJaJ jtJ Jl43 oNL>/2jNI JL>t^ ^_^ \^y^:ij oL>=>!jJlj i_^^lj;>Jl ^ jr^^ jjkJl 

(switching) Jl(j;>cx) I wi>l -pI aJlpo is^L>- 4^j.>^l^- t^I r| jij-'^ (♦-'j ' k-jj->^l^l ° r6-^' (c*-^ Juocj jt.>^LLjl ^ 
. aJjUjJI aJj^,:5\J^^I (t.>^LLjU ^jyt<Jl t^lill J';wr=Jl 5:>Nj oIJl. IJl^jj (t-w-LLJl *lj^l (_j3 ^,^.s'd\j 

oUI >»lj^^i^U (Digital) L^j ^J\ (Analog) LUUJI SjLi^l Jjj^ ^ J^^ cS-J-!' ^y^' (»J-«:JI ^^^j 

. (Digital switches) a^^JI j»^liJl o^^ (PCM) j^-j^i <_5-^' t>*->^' 

Smj'ljJl tLLftiaJI^ (_,.4^jJl /qouLJoll 
L^lj^L a5wLJI oJlA ojI:i|j jt.$^;>«dl j_^)lp Ao-^J (^-JJl ''J?'-^' <_5* A^LgJl iS^;^! ^ jt— xLLJI j} 

/j^ (17) A$wJl . i^^jlk^l ASLlIL i\S jlL.<^ A^LgJl i^Jj^Jl /t-jJLtfj ^^ '-J-J^ >-^y^j ' Ajiix?^^! 



U 




CPU i|>^l i^JUJl SJ^j 



Switching Network Jj_pJI iSLj. 


















































DTC 




DTC 




SS7 




LCM 




LCM 




«- 






<- 






■< 






<- 






-*■ 









iJ-'>J'«> J! 



MDF Jl 



SyjiJl <<Jaji 



i_yoi^l j,_~ioJJ |_jSjX_^ iilajx^ : ( W) J5Li 





^j_S^ji.L<JI ^\jjS j\y^ '.(\'{) A>~^ 



il^ii^lo/ :(U)Ji^ 



U^ 




*^ j»:o :(LCM) iij"Lf!l i?^^L j»iU.JI olo^^j .Y 

jyit_ibkj (.(Line Number) JaiJl(tijj_^jjLijo^J5'J.<»j>cjj 

. jl^l J^li cjj^\ ^j m 

.4.^UJl5j^jJl^9j»ijjl^l^ 12 4^j (^iJlo^l,_^ 12-9-05 Ja^iJl j»ij :*)\^ 
. i^LgJl 4SwLJI j^ |VS'jidv<Jl IsjlsJh:] ijubuJij iJLs^lj AJolJl oLLk^ ^J W^''^ ^JSzi^ r^j-^' '-^ '-'' 

j9jia;>eJu j».5>j>c^l Cj|Jb>-j ,?<-^«^ J ■/'""' J • ()-*' r?=^' ojl.i lAl.b>-l |Y-w.t«jl ^ iSj^' CjIjIJj Cj j5oI L^aXjj 

. jt-wi^ aJj>-IjJI iSL^iJl olwb^j oij^ if" U-^'^^j^j (LCM) a^L^I 

CjLSCIjJU j.t.$^;>tJl CjIJu^j [5^-J^ CjIJj^j (t_wwioJJ aJ^IjJI 

: (21 ) J5:>L]I J \^ t PCM JJ^>id 
.iJjLftoU 30 j» jjScj (_5JiJlj El's Jl JJu1j|_^ cjIj^jJI oJia Lju 

JuipI Jis jJ^jLS' 20 4jUJ 4^j<.*^I ob^jjJl :iIjl:uI j^;^ (^^^^^ 
|4i^ jl j^j lL^ t iiJLgJi sLdJi J^ 3400Hz Jl 300Hz ^ jlkJl 

! (22) JiSwJl J 7z^ y^ \^ 3^^2JI iJlA j-o-M^ '^ fi aJj^I isliJl 
L^j.^1 /j_« ojLOl ^ . "j .-^ 'I ojl Ji^l i . f: .y^" ^^JL; oLi dJJJU 

SjLiNi oJu jU oLjJI Jb^l ^^r^ Ltisj 4000Hz jlp ( jjij^^SLJl) 
ojLi jil ^^^ i_a.r.s^ jlj.S.«j (_g.iijj ly' j^ Cjb obi Jl i>^'Ss>cj 2.~..y-i]\ 
J l^Lc- L».l^ j^t-w^l (5^.ijJl (j^jjtil IJ-Aj t8000HZ(_5l iiJjii^Jl 




LCU Line Controller Unit 
DTC Digital Trunck Controller 
LCM Line Control Module 



7" 

1. 






1 1 1 r 

12 3 4 



20 



:(TY)JiLi 



! ^'AS' cjIjIaJI i>.yoj>7j:] jL<JLp jUUiJ Jj>-jjj 
! (J J i 4;»tJjl (J-c- Pjj^ 0^ 32 jj^ j i5coj I Lojjjl J.«jj«il j^j t (E1 ) *,^«.?JI jUsI a 
, SS7 5jLi| (^UiJ (5^Nlj t|V>lj:d] a\:ij AjUjladljl aJj.,^11 oljLi^l JiJ ^Jj>c^ a^La obi 30 

. 125[lsec i^jLwj (^JJij obi 32 ^_y2.s^2i^l ^yjJl (»-~-«d 

125^^sec 



32 



= 3.9 [isec 



3 g [1 sec 
488ns = ^ — r^: 4Jb>- J5^ |_j/2.v2^^l J-^^^' jj^ dJJJbj t (bit) iJ^bJ oUb^ 8 ^y L:^ j a;>«jj^ JS' jjSco 



32 



,(23) Jill! I ^ US' tSJ^IjLsbj'AJU- J5G 



125 [isec 



1 


2 


3 


4 


5 
















^- 

























-Cr'V 



<^U ol_jjJ 



16 


17 
























29 


30 


31 


ss7 obi 









1 


2 


3 


4 


5 


6 


7 



El ^^-^ljU,l:(Yr) J5Li 

. oLjbi 8 i>oj-i J5' (_^ -i^jij ' 8000Hz yn oLjJI Jl>-1 4j^ i^.-..^- iJj^l ojLit>U oLoJl i^l ii^ jN j 

lift L^,.::^! lilj .sLaJI ^ oUjL^Jl^,^ Jj^ jj!>j 64KHz = 8000HzxoL5bj' 8 Sbi Jiiiy jU 

! i^Ji^'^ El Jl |_^ cjUjIa^I jij-«j Jjjw jU E1 J I bgJw* jj5co j_^l cjIjIsJI ,*^:^>-?=J Jjjt«JI 

2.045Mbps = 64KHzx(-obi) 32 

iJj-s^l cjljLi^l JuiJ ^JJ>c^ obi Y i jyi jj5cj ! L5\jj>il J.*ij<iljji!j t (T1 ) *^>^>^>tJI jU^I 
jj5C IJl^j Framing bit jU^^I jy ij^ ^b^ (^-^ ^^'*^ SJ^Ij AJ^bo 4Jbi jU^I Ji ^ ^-ibs^j aJUjI^IIjI 

: ^'^\S /»bki]l iJiA ^ oUijLJ.1 JJh Jjjw 

L3bo 1 93 = 1 + [oLsbo 8 x (l^j ^^) 5bi 24 ] 
1 .544Mbps = 8000Hz x UlU 1 93 



d^U sli - 



1 |2| 3 4|5| 6 

/ \^^5.2 usee 

1 1 1 1 rh 

651 nsec 



24 



jli=)ll^lj;i:u- 



T1 ^^^,»^ljll,l:(YO JSli 



ur 






.E1 



,11,1 



. DTC 4^jJl olii^L; jt-SUtdU 4-^UJl oIji^jJI |J>> 

. SS7 5jLi)(l UkjSlj U^l^l o'^U'ji] 

. i]j:idiU iv'ljS-l J5'Liil p^L^jjj jL^I .£ 
. (PCM channels) 4^bll oljiiJI J*:)U j^ olll$3.L; L^li^l oljLJ.1 i-ajyu" . 




^llSllSJ^ . 



, 4II53.I >jj ^jlJ . i 



iyji (>UiJ : (Y 0) J^ 



t j».wi^l j_^ (Hard disk) i_J-^ ij^j^ (.5^ cjUjIx^I oJla jj^j 

. cjULJI 45wi (jjji' (j-c- cjUjJjo.1 Laj ~ 
Sfrly iJiJl j^l (25) JSLlJI (Ia-jj t L§-LUi (t^ ils^'il oJla 

. jt^Ull J i>^vJsbJiil 4jsjJ.*yi J^ -UIju (_$Jl1Ij OjjjjiJi 



. l ^ . _ .i^ ' . "j aJj^ J^ J CJ^Lv2j^I ojljj |»jij jt-^jJ Ai2j>- t_. 



Ui 



^"U j»ij 40000 j2y j^_ U^ i (295XXXX , 296xxxx,297xxxx, 298xxxx) JH\S yt. tijS'^l Jj>^\ 

itkla JiS" ,Ja-*J t JL/2jl (jisl^ oJ^ jj| A^L^I iSwiJi lfJa-»J ,_«Ji A^Lw^l j^-wij (»-^jJ' y-*-^ ,i.i2.'."Jj 

. (Code) Ljw lyij 



L 



970 






J L 



02 






295 XXX X 

J I I I I 



l^J 






04 


iVi>- <ik;jj 


09 


^Sjjhj ^.^Jju Ajiiilo 


02 


4jL^1 ^ ' jl>-j ii^ Jl AjLialj 


08 


Sji. iilal^ 



/.Ji^i^j A.*ii;:o (ITU-T) o'yUaJtAJ (_^jjJi iUJ^^I (»jij (_^jjJi yji\ i_^«-~j >j J^I (_5i '^j^ J^j 

. 216 ^jJj t20^,v2^j t962 jijbUj 1 970 jJ!> j^Jj-^ii] 
(Common Channel Signaling System No. 7 (SS7 or C7) a^j"i.?iU aLuiU SjLli^l j^U^i:) 

.(Signaling messages) 



l_jS «.SUJI |_jS ^^1 iJl^J (_S^^^ J*'^ 
. 4_^L>- oLoJl>- J~»jaJ V^Lfrll olilSGwl 

. 1 SOOxxxxxx ^j^ji I 



/.1 975 ^Lp ^IkJl iJu f-^l j^ Jjl LS^jyiSlI AT&T aS'^ oJlS'j 
. LJU _^.t"jJ JL*j UJ o'yUaJ^U (_^jA]I .lUj'yi aJ.^,::^^] t5 JJlj 



'. [^mj^I LJLc- ojL1:o1 ^\ Oil (_^lj Uj.Jl j^ .bJjJlj (>UaJl IJla j^^j 
. Call Setup a115C«JJ y^^;^\ aJ.«-c- ^ aJU- ap^.^- . ^ 

. aJj .,^11 CjljltfJl |»l Jj^l.>cl ^ J:S\ aJ^U .Y 

.Ajii^lolili:il5'i]^^l^^li:iloL>j:^lj»:o'y A^oiLl olgjj t Toll Free ^L>J.I j»ijl ■ 

cMLvSj^yi ^ i_5^>->~d ^j' t^jJi ii^w^ i_ajlj^l CjUJj>- Jia t *ijJl il^w^i CjlilSQ.! A^wbi- ■ 



j^Lp jj_j oljLiNl jjj^ (>.aj^l:uJ (j^L>Jl oli oiyi ^ : (Signaling Link) SjLiNl Jajj Sbl ■ 

. iJliJl /ojjJlS' 64 oUjJbw Jlaj J Jjtoj a5L.iJI 

j»i^ j».wi» JS" Ji*j tSS7 iS'^,:^^! sLaJl SjLiI iSL^ ^ : (Signaling point) SjLiNi ikiJ ■ 
j».w2jl ^J3J j>ij JS' iJ^j t signaling point code SjLi^l ikij j^ij ^■^, ^y^'^j -i-^^*^ 

. U^l jt^liil ^ |.J^:uJ : SSP io^l Jjj/ ikai . ^ 
jj^l jt-ojLia ji (»Jj^:iwj ! STP i«Jii-l JiJ ikij . Y 



SSP Service Switching Point 
STP Service Transfer Point 
SCP Service Control Point 



iSL^L) LSJUl iSL^LJl iii^ iv^UJl A«-«Ji ^i 1^ ^jJ>^ 







45^1^1 sLiU SjLiNi (.Hi; : (YD JSCi 

:(V) ial lLlJ 



Ul 



^^^^^^^^=^^^^^^^^= PBX Q^\^\ (Jl^IjJI (^>flJi (*Uaill 

PBX Private Branche ^.^ ^lUI »Jl* Ji. jL^-j . J^lj ^^ ^ "oU J:uJ i^J^ 

Exchange , 

. j^ljl E1 jUpU jl i;:iLp a^"La i?jk=:- :.Jl>u UI ciJ^J.! jt— iiU PBX ^IjJI ^>JI (t->~ill J-^j . Y 

iU/23 -jSCc *)\i«i . aS'j^IjI iw^j^ ^^' <.^^' /M Cf ^:r^'-^' a5L±JI flijlj j»5s;>tJl aJ15C«^ . Y 
J^UI j».^l Jj> U^ljJI ;5LdJJ i*.l:Jl i.^1 c^^'\ c/" Jj-^b^ 't^i'jJ' JU^"^(I iois:.! 

. 1 " 1 \1 .-^~y I o j^ Ls Jwo i.iijJb <>L^1 Oj-iLwo Jgjlg'>- ij^j JCS- (» j-L; t^N^ ^c^ I 5j-iLw« 
. o'y Uaj'il iS'jJ |_^l pj^jJl jj.2 iis^U-l oliliUJ iJi:>-b j^ljij JUz^Ml aS'^;^ ^ jiJ^ jIJls^I iJlS^I . V 

^^^^^^^^^^^^^^^^^^^^^^ SUijjl^Jl CiUlSai JJjLLlu/ 



. -48v A^jsj 50mA jLo t_ajL^I jt-will ^jjj apL-wJI *ij aJI^ ^ . \ 
A.<J^Jl ^j t (Dial Tone) i_JlLJI a.<Ju JL-jL; ^yu^ t aJU-I oJi* j».will ^ fy^'^>cS\ cJ\^^^ <-JiJ:z^ . Y 

.440HZ(_5yiS[lj 350Hz U^la^l Oi^oJbi j^ jj5co"5jLi)(l 
. AJ^>t» a115C« aIISsII |_y>-w:i A.wiJ j^-^i^ UjU jlS' li^ ^ ^\ a.^^ jt-wi^ c^j^' 



. jt-w^l ^ 4i2:>- f»-i rj I— 'j-Uaii i—iiLgjI iajj 11X7:.,.:) CjULJI oJ^U ^y^2j>tJ!j ^^>-:>Cj\ Owb>-j Cj-4j • ^ 

j_^ Sjili SjLiNi oIaj t L]j3 90 J.f>- tijij AC oi^ ^^^ ojLiI ^yisj t (Ringing signal) 

. c_JLyi t]j:JLj^ (Ring Back tone) Jb^Uil ^^i 

j»J Jyij t i_JUaJI i_iiLgJl ]a^j -A^jIa Ja;>- ^;_;u (>*)15GI ojli pi^lUj i_JjlkLl (»ijJi i-_4jIa ipLa.^ *ij wUp . 1 

620Hz J 480Hz tlr^-^^ if Oj^j <■ ^^ jJ«.^ 'i'^j *— Ji^j U Jip i]^,::^! j_^| j^-will IaJLju i^Ju j_^ j 

. aJIj i.-a.,f7"i jIJ^ CjIj3 jJ^ ixJaila ioJtJl oJl& jjSij 



(I) <jiii& 



S- 






pU_JI 



e^J 





>- 




(^) ^"L^l j»Jj 




-< 


-< 


► 



<jiL>t^l 



ipU-«Jl (JJlp 



^ISUJIpL^I 





^^1 SjUl 






d^U-™Jl jtij 






< — 




' 



d^U_-Jl (jlp 



:(TV)JSLi 

:(i) iai .lu 

. ?liUJ t-48V A^j-i; i_«jL^i jY-wi^l ijjj ic-LwwJl *ij Jb^ ^ 

Dial tone (^JikJl LJ<J JL*.jIj (>jijj t ^JU-l oJia jt_vill j_jj jt.^;>tJl cjIj^j i-jLL::Ssj ipU-Jl xij aJL^ j_^ . \ 



UA 



'iS ^\ y_y^ isyJ.! El'sJl ipj.«.j>t^ JtA;^ /^ . LjU J>5^ c^jJuS'64 ^^i JjOo: i^iJlA obS p^ f^j . 



:(TA)J^ 

















^ 


^ 


■s. 


;^ 




■~^ 






,^:^ ' 


\/- 


~~— ^ 




^ 


— _/^"\ - 


_ — ^ 






\ 


^ 




^ 













. ^15^1 ^L^lj UJl^l 5L4JI J'^^)! y^'^\ j»..vi^ 5jL^)(l ia.lj J-^l^ ^ 

.(Transmission Media) J^ijjJi a ^jU -, ^ 

1 4,^1^1 A^wiJI L>-i.i 4i«^jl 4^ ij olS' ^-«-^ f»->~-^ (^i ' Jl>tj Lul jjI iiji- (C^-^ Aij^c- J^jj '-^^j ' W~^ 

ajjjj-^ 4,..<k3jJlj aJjLoJjI jY-^Li^JI \^ 'U.wOj.<JI oUjJjt^Jj ».^«j>tjjl <i^A^^j i AA.^\yj\ c^ji^Jj 'Utbjit.^l f-ljj^l 

. J-«Jl AiiSsJ JJl-AJ (_^| ti'^Ji ^ • J^' ^^ (T^ (_^ OIjIaJI -yl j^ iJU- pnL^i (3;^ (V" ^j<— Jl '■i^jJ 

! ^Ji^\ j:>^\ ,_^ip >t«^>.>tiJl j»Jo 4Jj t ^-^ (»Jj>t:iwj jlS'j t (FDM) (_$:5:5^l (j^^'^^ (♦^-^-^ ^J^ -*-*->^ (»UiJjjis 
.108KHZ Jl 60KHz j^ (^:i:i^- JUai; iJjSlI ^j^l ^ Jj-^a^ SU 12 J5 *^ j»jo a 



U-^ 



. 552KHZ Jl 312KHz^t5ii^" 

Ja;>-N . |_w5^ (J^^^^ Lg-wij Jj^lj^l |J jjj^L cjIjIaJI ^Xs- Jj.,r?>JI oiLp^ j»jo JLiu-o^l i^j>- ^j 

.(29)J5:^I 









12 



108 ^ 






iJ 



72 
68 
64 
eOKHz-^ 



— 5 

— 4 

— 3 

— 2 

— 1 



552^ 
504 

456 
408 
360 
312 



H 



J 



«JJ <P J.*J>eJJ ~'^ r~ ''-~™^J ''-P'J-*^>e-^ 



! ^*^Ij aJjUjJI ioikj'yi -jS- }^^J t (TDM) (_5^3!i ^t-y-Jtl] j_^1p J.«JUj i^iajl j_y!s 

(PDH) i^l^l 4-i iuijJl iiiL^I . \ 

l^-'yiSJ^I^^ 2048kpbsoUji^ JiJ Jj.^E1'sJl 
.E2^^<wjU jXiJj8,448Kpbs Ji: Jjb^4E1'S|jt^ :JjS[liU^I ■ 
. E3 ,_^«-^ U jX^"j 34,368Kpbs ^ Jj^ 4E2's »^ : l^\^\ iU^I ■ 
. E4 ^y^^_ U J;iC>^"j 1 39,264Kpbs Ji: J J^ 4E3's *^ : ^iJUl ib-^l ■ 



U' 



Ui^lUiL^I :(r«) jsc^ 
(PDH)i^l;iJl4-J; 



EC 


-64Kbps 






1 
30 


E1-2 


U40hvDpS 


^ 




1 

2 
3 

4 















E2-8.448Kbps 

>• 



mr- 



E3-34.368Kbps 

>• 



i\:i]f- 



E4-1 39.264Kbps 

»- 



iliiA- 



sLi nr. 



Lwi^ Pj^jJ*-! (De-multiplexing) ^v*^' '^ rWJ ' (Tl) (_5^j»Sfi cLkJU J^^i (»:j Ijl^I ,_;-i-;j 



T 



IkJllJiA, 



T^jtr^t^'iy 



^;^ Nj t (2.048Mbps) El ^^~^I:Jl jU^^I ^ J^...2^ L^.^^^^ J^l^l ^^^^^ jj>l 5jj^ . ^ 

2MpbsJl ^y> 4ii:>J.I J^i^i j^^JaJ t^bil ^ iU^zii* (multiplexers) oU-^.^?^ ^\jJ-c^\ j_^l i^-U-l .V 

.140Mpbs^5::^j 

. J^\j PDH ^UiJ J->1^ ^ ^.jjj^h Jh/^^ f LliJ' J^'j^. "^ • ^ 

.140Mpbs^y ^loUjLw Ja; JjbJ. Jj-^jJl j^'y .1 
(SDH) i^lj^l Ui^l U5L^I . Y 

IIa ^ ^Jjdl jtJ oSj t SONET (ai^IjiJI aj^,-^! AiLdJi) 

^^.wjj t AA>L>vjl *.^oJ>cXjl4x>lJ"il LgJ^j OJlP^XjIi )j^l^ip(»Uijl 

: ^^{S^j (STMs) i^ljiJl JiJi ^iUjo SDH Jl 
.63E1'sJiJ«^. jI^jSTMl : 155.52 Mbps ■ 
STM14=63E1'sX4 JiJ «-^_jI^j STM4 : 622.08 Mbps i 

STM16: 2.488 Gbps ■ 
STM64 : 9.9539Gbps m 



PDH Pelsiochronous Digital Hierarcliy 

SDH Synchronous Digital Hierarchy 

SONET Synchronous Optical Network 

STM Synchronous transport modules 



U^ 



. LLIp oJj-j^ 4j -,^JI LI iSolj SDH Jl 5j.gj>-l ^ju U^JI j^u«^ . ^ 

^j t (2.048Mbps) E1^^..^I:JljU.)Ul:::;rl^j:u>L.i:^J^I^I^^«^jj^l Jl^l^ .T 

.SJ^IjSTM SJ^jJ^U^ (E1) ^jjjSllj (T1)^.y'b[l(.UiJl|^^ A 

. STM64 Jlil^y.^U'^^.s.a^^^l JiJlJj^ .0 

STM (_$jLg^ cMj <_5^ SjJLtfJU j;w<»:o iJT^j J^^-^jJl ^ Ring ilU-l c:jUT>>lJLi^j:^l . 1 

t *>LiLp j^*!^I jLwil tgtf-o /jJjLwil Jlj"I >>1jS j»J Ijili (Jjualxj^-a VyjjLw<i (JjjJs /-P (J^jiaJl /wo 

.iiU-!(31) JiC^I 




STM1 Jl olJ^j ^s^\ (TY) : JSLi 



fe 





/B|A\ 




f>^> \ 



(SDH) ^.IjaJI i-<J^I i-K^I : (r U JiCi 

^LxJlluIjJJI Ci%^^\ 



UY 



iLLu/btill JjIjSUI 

Microwave ^j^jiLxil 

. JLiiw-^lj JLoj^l (_5^1j-* ^j^ (Line of site) Jhj ia^ ■ij^j (.^^c- jujuJ J^Ijj ^^ (_^j 

J.V2J (jl L^LiJj |_y i^jjj '•'"yrr' '^'^ — ; ^j-^ t 

. wUJi dJJi ^ o'yUaj'yi f-lLi jjij (_5wU |_,..iU; U jjj 

. xJaAlJ L>-g."...j 4j.^l JjI aJ-^jJI J> yu {j\:>- 
:(0) iai ^ 






. (33) JSLiJi j_^ \jS . JUsj^l (_^^ J^ (•■ij» jL^ ■^j^j fj^ ^^-~^ ' U-*-* 

^^^^^^^^^^^H <JIj /c-j 300 A^j^ A«jtj c-JlS' jjlj ^ij^l oj.^1 jjjl cj^,^ 

J-"^ jl-^^l c/' Modem iJ^ L_^l_pJl j^" x^ ^;^j t oi_^l dJJi ^ i^^ ^^ '^" ^^ -^J 

Demodulator - Modulator ... „ _ . . m • i^ i n . n i i n i .i 



ur 




D 



JILT 



wv/WVw 



JTILT 




j_^l >»ijll J^^ d.^ ti-^^' i-alL^I Jxij U5 Uli (DTMF) j»i^l ^^Ji^ SjLiI J--jij i. 'U ^j^jll 

ojIJJI 0-L& |5Lijj ( C'i ♦*' iSJH^ U^ 4.4iJt« Ojjii Uj JJ ->■■ ■ ■/-'^ '-^-'J ' i— ' tllail (•■ijii S^jIJj j ■'-'"' I 

L&jj^j JjJ^ /)-« 4.-«Jj ojLiI Jl aJjLoJjI ojLi )(I ,Uj^ ft-^ ojLi^l LL ^ ^Js>a^\ ^^ ^ .Aril 

. ObL^I 4>w.ijl aJsLjjj j^ j jl>^ ^ -<gj .,r?'jlj ,_jjIjjJ| jy^ Iaj (»J;>iX™jj I i_<bL^I Ja;>- )t^ r^Ji J^-^J^ 

A^jj liwws- k_ijjLgJl Axjjj U-S" Uli JL/2j1 f-LULi jj^LjJl (»jij . ^ 
. <JI J^J.1 ^LiJl jtij Jic DTMF oLJ^: 

jJ Li' Uli) jt_^l (juj <iio JUaj'^l Sjb (jMc-L (»ji (5 JJlj (T-S'U 
(»jij jtJ -woj t ( JjL^I JLv2j^I J t_ijL^I is-i-t^-A^ >ijj ^1p-\ jl 




Ui 



^^UJl ^y^ dJJij iJijjXj 4.<J<J jL-<jlj (U"jil ij-.S'ljjJl (>jij . V 



JJ 15^1843 (.U <pl^l ^y.L j-i:™S:j1 -^>'j ''^l J-'ji-l ^lill ^y ^^t^j^l '*-o^\ ^J\^J 'Ij^Le. 

• '^J^' ^^ L?* ^^J^' i^ Jl 5:>^- isJwi cjU jjl_p- jUp Jj Ul^ lil U J (resolution) i<^\J]\ ilij 

LgJ )<^_ j:]\ aSjJJ\ ^\j (Data Compression) oUjLdl 

. />Jj>tX>Jkl J~< JjI <U<~isj L^LjjI il jll ^->.a./-;ll ^j>c^-j ^^LiJI 

i}ji (light sensor) jJw i,^^"^ (_/>->«-" jJj^ dUSj t LgJL-jl :>l^l iSjjJl 5*1^ J^j^' jj^liJl Ijlj . £ 

4^-Uj,l tilu ^ jjJjl Cf-\jA) -.^>sil PjAi_j (.J^ ^.y j^>-«— L-^ /HJ' Oj-i-s^ A^-L»w« l?iu id»..J>tJ 43jjJI 

;5j;>-l ioJu J^ji AJU >Lv2-; cJlS^ lil L«l 1 1 300Hz i:>jXj ioJu JL^'jU Lg:>p ^^ "uU ^Ijj^ cJlS^ ISLa 
0-LJ.I ^ jjUl o_^ia;>- J5' ^ ^jiij t L^J^LgJ j_jJ| L^j^IJu -yj iSjjJl (_jji (»-^r«il J-? IJlSvAj 1 800Hz j:ij:j 

. iSj Jl Lais' OfrlJ ftJJ L«^>^" ij-SsAj t frj fill jjU UtJ CjL^JCjI \-^jiJ '^J^ '-'j^ l5~^' "j* .^'I 

. jjJJIjI r^»«jl L«jClwj l5^I i__)j.^u>tjl 4j(jUaJ 4^Liwo CjLJ>Xj ^J-^ 4ijJj>tjl oJ.gj?-^l A^JJtjj 

j_^ jj^LjJl oj^^l J.4-C- C-JaJ j_^l o'^jS'jjjjJlj ^IjUl jjy :ijp jIj-s^L o*yU^')U (_5^1-xJl :iUj'yi (>li 

^^IaJI oj^^l ^ .w"..." ^.-Otj LAj^j ( <»J;>tX.vv^l 1^ JjIj ipj~JI |l« ( A^-jw ■ ^M .n4~ 4j jj L?- 15' I JL^I ixjjl 
/j^ y>-l (t~-J IJ 4j...»i| y) )< .jjt.vj ^^Lljl jl Lo t L|^ L*^ ^ J ./•>•. llj ^UjJI t JL.iu<j|j Ju<Jjl L>cjl (V~-4J (JI 4~oJlL<JI 

p )-«^l jj5sj lJj~»3 ^IJI L?JI Ul t dJu]l L>JI /j-a ^A /»jI*^I i^ Ul^- 0j.>L:iL<JI ^~5'ljiJI ° Vg-=^l (^ij*-^ t(jjL»i L?- 
. ISDN i^T^iJuJl i^jJl i'jiaiJi j-c- L^j A^ljJl x-kuJ ajIjJI (J~?^' °i^^' "J' ^-*^ ' JLiu^Nlj JL^jNl ^_^ 

Leased Line hy>-^^\ \a^^s^\ "AiWs 

. AS- j^\ i.b»tj 4.^l:>- oJ.gj>-l (3d j^ /(-^ oi.b»t^ AS- j-^ 
oJLA j-^u oiLP f»-^J • 1 j^LwOJ ' ■ -^"^>- Jl t lj.«Jlw^ J^—^yi I. "yjki ya "yj 5 j>-j^l 4,j:jL^I J? JajJjl /i-<JJ 

AjJiSGl oJla jl j^ t;_5^UJl^_gijlgJl Jl.,f?"Nl <~>^ AJjlLi JjJiJja V^\js-C^\ iJiiS Oj^j t Ju>-I.Ujl -y is^^IsjJl 






^pjj <»ij^l jLgj>tj A-^Ji wi3L>- jLg^ jJI 5j;>-j^l JsjJiPTJl r"UP^ 

„„,,„, , ...^ L-L^UUsJllJjk^^pj . Ja^ IS'ajL^Xpo]^ J *i t(CSU/DSU) 

CSU Channel service Unit ^^^' • -^-^ u^ -^^ j^ s {_- 

DSU Data Service Unit ^"LgJl JaiJi ^ l»iU:d! (CSU) 5 LiJl ioj^ SJi^j : ^-j^j ^ 

oULJl 4i^ j_^ jti^;»=:dJ (DSU) oULJl ioJi^ SJl^ jj t^L«^l 

. (Frame Relay) jU^Nl JaJ LiS; cj^U- L& ^y>j t ap^^ ^Ij Ails' Jil i$j^\ 

Frame Relay jlia)/l Ji:i 7\rtT\ 

oULJl jSl i ft-w-'yi iJi^ i_5^>--^j ' (Packet Switching) h,y-J\ Jjj^ ^W>^ (>* J*-^^' J^ V^ -^ 

. Frames oljLUl (_^<k-wj cjIj^j JiLi j_^ U^'^jI r*^, aJLo^^I 

Jsaol^L-jlj Packets (>j^ JloUUI t ip-j^ 1^0^ a^I oIa yjJ. AJliJl^cU;U^ 45^1 aJUJI^C^ 
J.->| Oh 5^^ >- e- "^ '■^-^ c^"^ ^ (Permanent Virtual Circuit) 1.^1^ i;ytl^ Sjli ^IjlpL dJJi j,joj 

- . oULJI (jiAi) jt.Ss;>tiU f^S\P>t^\ (»Uijlj oULJI a,^ i^o 

. o^Lwil isjii^lj ISDN cjISL^ -yi AilSvj As\j 9'j^\ j\-f>- j^y ■ 
. oljLi^ I -yi Ail:>t>> pi jjl Ju4J j_^ip ojj^l ■ 

. ^y^'yi OL^I Jyi |J^>1*J Jilj is^l ojli|j_^| i>-U-l ■ 
I ijJLojl ^3 -.tjUj Oj,^ f'Jj^ ^^ "^J:! (_5~^ -5 t™ J CjLw-^j^Ij ilj\S jJlJ] A,J>ij| oJlA ll« Jj^ JL^ilwjj 



Ul 



ISDN SOlolSLiil 2Lt<jijJl LiJUjLiJi a^Tnri 

c-iUjl>- ^Jlp Jj,,^>til 1jj:uL<JI jLSv^L ?t.w='l '-^--p- ^^^j^' '--'^W J^ ly^J i^^ -^^^ (_^J 
(_5JLjLa:JI jJljLojJI JiiJl x^ aJjLLJL Ju>-Ij («^j (c*jLa Ja;?^ ^Jlp (cjULj AaJj 4^La i^LSCa) aJuiLSs:u 

4^L^I iSL^I Jsjiaj^ j>Ju>tI^j ' U^ (Ir* V^^ iJ'l ^r*^J^' '— ^^W (JiJ^*^ iJ'l ?r^-^^*H ti-J*^' f-^lj.ll 

. ^ji^i^ ISDN Jl i«Ji^ JU2i)( 

! Lg.oJ!>l t ?^ljjl oJp ^1 jt-^Ljj t (_$iijJ 3L!al) i^Js>^ (ISDN) iULSvlJl CjU Ji^ V^J^' i5v_Lll i^jlas^ jl 

y>j (PRI) iJlJUo^yi iPj-JL iSLdJl ii^jjk iJj'SlI f^\ m 

JiJ "B" obi 30 ^Js> (_$j:>tjj <. iJC /oj L?t~« 2 -^ El jLkl 
PRI Primary Rate Interface . - - 

NT Network Terminal i«Jidl ^jj*il Ji;^ (.ai^x^_j j»i^?dJ SO^Ij (D)5lJj oULJl 

iJ-o^ j_j3j (.i-Util jt->->'liilj PBX is^U-l ii:>-ljJl jt-^Ull -j^ 
. OJj^^l 'lSv-Li "UtfjL^l 4^...djl Jajj 

J, aJj . AJliJi /cUijLS" 128 ^^r-j (ISDN) iLlicll oU.^^ V>^^' iSLlJI Iss^jAj : ^liJl ^-jJl i 

I JJ . (B obi f»--"b; ^ k_ajjJj) AJliJI /ojjI^ 64 i^j-~j b^ Ji" t tj^LiU- uy'^ ^| ip^^l oJla 

4^j.wJ 0.b>-lj CJubo 4ilS.«j 0.1^-lj 4^j.si? 4ll$v0 t Ajli CU3 Jl ^-i tj^'^ ^\jJ>C-^\ *S-.^\ oJL* ^ .1^7.,." 

j»i^;>^ (D) Sbi ^j AiJbJl SLaJI >.Ji..:iw:j . cu.bjLS' 128 ip^^ oUL illSC^jI OjbjLS' 64 
a]j^j[\ 5>e-S[lj (ISDN) Ou i}L^^\Jy_j t (NT) ^^ Jjbw 5ilp iaiLl iJu ^ V^jdJ ^^'^. 

(DSL) ur*^jJ> ^>um ia^ 

J I 4j»-b>tj| t"J jg>J ■/•'■>- .^^ li i__jj.^b>sjl jbtjol *^ JwoljJb Oj )^ Jl I ji.^ J ' " ' Y ' ./^7 \ I Cjbjwtfj jjl^" *^ 

^S ^.ij^l Jb«jCloj| «-b>- UA /i-«J ' C^ )^ Jli u*^b>- Jwo j»,^2j<j *^ 1 g ■.-^•» ' b^lS.>-ij i_Jj.^b»tJI oJ.gj?-l Jajjj Cjbj^tfj 

cjI^^jJI ("wbitiwj jl (j^j-«j (»^j^l A*-^ ^-^r^ '-'' ^1 ' 1— Jj--"^^' cjl5wij (^.^^l^pJl /-o is^jJl oljLiNl Ju4J 
j| i| t cjUjIa^I Jibj j_^ aJIp a^j-^ (.5^2^ tjJ '-^j t4KHz ^j^ Jil i^\ t i^iJb^l <5L^I ^jJj- ^_^ o-buJl 

iJbJL b^lJL:u-lj iJUJl olSLlJl ^^ i_«KJl ^y 4J| il t A^UcJl ll^LoSlI ^ L-L-1 j.*:jJ ^I o'^U^'y I 

. i]^::.^ J5C iLjj^l 4^b>tJl i]">L*i'yi p^ljjl oibj i_j::?-jl iajj-s^ 



UV 



J5G A^b>tJl ij'^L*''^! r-jj (t~-4J ^~^' "JLas Aojtiwj C.~^ DSL j^^jJl ijj:i>L<JI Jaj^ ijsij cjj^ La 
iJjLdl cjljLiNi ^ /j^'-^ '^j^ if J ^r^^ cjLpj^ cjli (Broad Band) ^y^,j£^ (jUaJ 45L.L) aIsj^J i]^,::^ 

. aJLc- cjLpj-wj i;>^ Jl cjljLi^l , lij ?c-4-~j 

(♦-:;-v~iJi J*>^ (V ijjjLgJi cjLJ15C<J1j i^UJI cjljLi^U ^j^ajjjJl (jLkJU i^UJI oljLiNl 7y>^ j»Joj 

. (35) JiC^I ^ U5 (FDM) ti^^^l 



DSL ^^Jl 





A^U oljLi} 



jjiijyJl jUaJl oljLiI 



'La ol jLil 



^^ 






,11, p»K_w« j^ 



J 






^n^^ i_^ jLojjtj (_$ JJI Filter / Splitter ^^j» iUL^jj DSL Jl o>ljLi| j^ a^L^I oiljLiNi J-^ (v:oj 
cjljLiNi Ul t ^jAA^"^ l5^ '^'i W-'j^ • ^c^U^' cjljLi^/l A^J-s^ Low Pass Filter ^yiA>,c^ ti^ jij-*>^ 
A^L^I cj*>L/jjJI x-o.?^ . L^lSwij i^,^^l_pJl jJ|l^JiJ A^w<iij cjljLi||Jl^l^x<>^jj j^jii (Jlj<-Ji ^i^^Jl cjli 

i_^|LgJL4J jtj:J ^yij^l (jUaJL) is^UJI cjljLi^^l dDu Ul <. ij,y>-\ A^LA5jLi| ajIS'L^JuU^ jt^^J jt— i<JI ^| 
•j^ ^yij^l (jUaJI c^\j\J^\^ XJc^ jV^ -jS^ ojLpjAj i.(DSLAM)|_^^I i]j:LL<Jl ii>J cj*>L^jJI pi.4.;>« 

CjljLi Jl I ljj:>5j (J*i^ /►« /pJ j^Li^l J I LgJ-^jjj 0-)j^ J! Ijl i^,....^! i?xjl A>..^ ■y> Aj Jlii-ajl CjULJI L^1>«j 
. ^/2jyJl (jUaJl I'yi-^ Cjlii J Cjli aJjUJ CjljLi| J| CjULJI oJlA , Uo-J ,^^1 A;^ Jl 

(jLkJl jjiC; jl Jj> j».«^ Jij JjL;:::l ^SIIjAj : (ADSL) JiUJ.1 ^ ^^^i i]^^l Ja^ . ^ 
^^,2..2^l JlkJl ^ ^ Jil (140KHZ - 30 KHz) i]^l JJ ^ iL.^1 oUUJ ^^^..2^1 



UA 



il ^jL^i^ jL.*:u.Nl ^iJ ^yu ^ij 1 1 1 04KHZ Jl J^" ^Ij iLi:uJ.ljI i^^UJI oULJJ 
jJ:^ /Jij~^' ipj-^ ^.,^" jl ij^j • iLujll cjLijJuJ.1 /w« j;;^ j^I iijllail cjLijlxil jj5\j S^Lp 4J| 

l^UjL=:-^JLa:^lc^L^3iljc:^lS'^l^>.Jui=x^j : (SDSL) J^Ujdl^Jlli^^LlLl Ja^ . Y 

*>\.,^" jl rS^ i| • AjjLvJU C^LjjJjJ.1 Jw>.O^J (kj-^ ipj^ jL» J;;.0-:J ^^-rP~ '-^J^^^l (3i^ (V^ 

ADSL Asymmetric Digital Subscriber Line. ^-^^"^^J '■ (VDSL) JJUJI ^^J^ ii^^l Ja^ . V 

SDSL Symetric Digital Subscriber Line. ,lJl Ji: JU^ Jj tS^I oLUil JiJ J 

VDSL Very liigli Speed Digital Subscriber Line. _^ 

, Lv2J jl ,'t^ 1-^ 4JLp ip -^ "-.oJo 9 t ( C jLiuJl 

DSLAM DSL Access Multiplerxer. ^-^^ "-^ ' " " s~~- s^r—.^ <^^ 

. iJlj / c^li^ 56 Jl 

^^^^^^^^^^^^^^^^^^^^^ (ATM) ^\yLiy^\ JiJl ^^J^ 

ATM Asynchronous Transfer Mode. . SJ^Ij aSLJ. ^ L^j l^.«^i jtjJ iibi^l oUJiJij oli;^^ 

B-ISDN Broadband ISDN. 

OlS-^dJI ^3 JL-uj^l t_jjJ.oj| /j,^w.p>tJJ 4.J>ijl oJUis jj Jaj jyJ ASj 

E 

. ipj^l iJlp i>^j aSL^ j_^j (B-ISDN) AiiJ^I 

i>-jl^ c-iULJl AaJ cjLpj.*.*" rt-c-Juj 4j«...*<IjJIj iJj>=^l cjLSwLJI /wo AS ^ ATM ^^^^ t—i^^Scj 
ATM A^j>ij jU JLuJ^il cjLjsij /y> l-*j^ li*A:>-j t ^^1 jl iJU /iOjL>=^w>- 1 .2j iJU /iOjL>=^25jVsj 
t j».?^^l o:>J^>=^ Cells Ij'A^ J'^^ (_5^ LgJ-^jj Jj i j»j>t:>Jl iaJb^^^ J^l a^ J^ cjLjLJI J— -jj *^ 

. (_^v2il Ju>=S' CjL; 53 Ao^>=J ^c^ (J^J 

: iJ^yi cjIJ;>^>^U *:u:o LtAjJl oJu j^^ dJJij (»U.j^Nl iik^^^j 
jY-^tj-l 5j^ jls'yi v^ pj^l J5LLi LgjJ^U^i VfSCcj tlJLA*j Jil .Y 

..^Uap^-SjlU-bwjoUyi JsJUo j»i^;>dl^lj^ J^ ^;^ U Jil Jl r^ .V 

(Virtual Path) (^yuLt jLv^ ^jJ 'ijjj^ ^^-~^ j-* j^^' J^ ^r^ J^*-^ *^7^ (^ *r^' °-^ (P»-^ ^^^ ^1 

. olJLJl Atfj iJujKj f-jJl Jui iLiL«<^lj iLuj^l oj-p-*^! /j^ 

. ^JUI t^ ^ JLkJl aj«^ jL^bjwllI LgjuJjJ J j^)" Ja^ A.y.irJ i^LL^ ATM jl Ui" 



: ATM Lii; olj;>^»^ y=j . ATM oLi^^lj^ 
. ixiJjll (jLkJl ix™] 1^ dUij t o^y Frame Relay L;siJ i^^t^^^^ ^ j^l oUai-l ^yi x^lj (_$ Jw ^JjJ ■ 



ZU lu/i/t 



. ( 4jLgjl jLg^ cjU i5vo jS'i 

? jj5c: j»^j (MDF) (j^jJl ^jjJi J^ J^li ajLJ-I olJbw (.Jji-jUvJ lili 

. ss7 iSjL^\ 5L«U SjLi^l (»Lk; j^ b> jtjol ^i 

. J j^ I>.wJL« jj!s JJ:3jJI 4jj| (»lj |.».wJ^o ju L«J^ 



'O- 



lT- 



lT- 



•O- 



'O^ 



'O^ 



'O- 



^O- 



^O- 



jjikji 






JJ I (> I J - — 



4JJUI 






UUJI 



s 



. SDH iw^ljdl v^jJl aJlSL^I (»UiJ ^_y2jL/2;:i- j^jul ^il : ^ ^ (j^ 
?L^I^1 ^ Uj ?iUl5clL ISDN i^^l oU^I K^ cu^w lili : \r ^ 

?L^JL?x:iwj jl Jwaij ^y>j t Frame Relay jLU^I Jij 4j>ij j^^^jJo liLc : ^ o^ 

. Lgjj^jsJ^j ATM AJwiJ '^i jtr"" '^*>^ ^^' • ^ '^ij-' 



^r' 



. A^lj:Jl ASyu Oj-iL« is^jJ L$-J-J' f»-w-4li ^J *J^' j^ U ! ^ V -.J 

: -^S\ JJrl ^ jsa ;^liL| -ojloJl ^Ul (X) SjLilj i^.,;^^! SjLJl ^.U (/) 5jU ^ : U^ 

. iilLgJl |^jj:Jl iSLi ^ iwJ:j J^'.^ PTJJ 40000 ^J\ J^v^; 

. obi 32 jj^ Cipcj cjI i)>a!I >».;>,»j>s:j ^Ssjyi'^l ^Uijl . 1 
. il 153.1 j_^ «-jJl Ju4^ |_^Jlc- iSy^ '~~'^^. °-^^ -^^j^ /»-will ^ o^jiJl ioiajl . V 

. SDH Jl (.UkJ ^ ^I olj^ li PDH ^UkJ lu . V 

. iLU cjLx^ cjli . ^j . cjLILS3.I jjj^ jt-~«il J^Lc- ^1 Lg::^!:^ .1 

.^iUJ5' .i . |_pl5LJl x.«j>cJl Ji^j i_^ jj5J jl i_^l is-U-l .j>- 

! J DTC is^^l c-il5oj:JL> ^^^^j>c}i\ cjIjj^j (»jij . Y 

. ((->' >>-l Cjljb , U*-^ • ^J • ipLJl ^j -IIP lj)\j>-\j J3 ya3^\ -bjjj . i 

./iUjr .i TI'sJljEI'sJI JJ^- .^ 

! L^jt*.^ ioj-v? ^j-« (Jl iob^^50l ojLi^l \ij^ /i-C- Jjj-^l * }^' ' *^^-jl jW^ i_s^ • ' 

. ie-L^I . ^j . jj3j^,5\J.I . I 

. jt-^Ull JLw^l i±J-b»-l /-« . i 



^r^ 



. xjjjJl (jjju^vii I— ^L^l (j~^ • i . ^-^jJI Ji~>5vJL oJu^'il jJip iudl jjiLvill •-?- 

: jj5^ jI^ADSL Jj'Ld.l^^^li]^^lia^j»-«^ .V 

, iLiuJ.! CjULU jj^2w2iJ.I (jLiaJl (V j~^ (151 iL-<jll CjULU ^^.^awa^J.! (jLiaJl • I 

. iLii.vJ.1 cjULU jm2vi>J.I (iUaJl ^y Jil iLiiwil cjULU jj^2.m2:>J.I (3^^I • ^^ 



^rv 



Wireiss Communcations Systems 





\rr 



^tSiLu^ui ci^^Luaj:^! a.aa:if 



. jjj^lj jj.»/2jlj cjULJI Laj Lojjj t hck cjj-/2jI Uj ^1p , ..r-'TS^ Jj t (tJljoi 



I jl (_^ip IjJsli jj5\j jl dJCw« ^j^ o.b>-jJl oJla dJci-oIji Jj«j 

.GSMiij^lo'^UaJ'^U J.U]l^lkJl J^^yco- • 

. AjjJii-l 4.<JajNI jJjbtl iaJJrJuAl CjLjwidI 7- y^ • 

. Ui:jdl A^LvsJl jUi*^ I i—ijlj^ (_^lc- k^jjCo • 



^ri 




^y i-p\sr jUj ^'iS\^^\ o'yuaj'yi 



JUzJl Jjl *l^l ^y jJ^ tij^ Jj"^' J*^' t5>i 1885 J 
/j^ Uj5\^ JL^j ji I jLg^ jLS' i.^,*^?- llj..^^ bjUaJ jlS'j I (^ji'i'j 

JLilwu )/l jL|J>- u>\ t i__)Ua3l -^ °j' r-^ -*-Jj^ l5*^^ t— iLoj 7-ui« 

jL|^ i_jUa3l (jij ojljji i^JjSi JL^ij Jll j\-^>- <-JU2i\ (j^J ojlj-Ju 
. j.<Xiiil l:>-li 5j.^v23 4iL„w« /-^^ JuiUu )( I 

<J1 -Kr-^' >V t5>* fl^ Jji' ti-^' t/-^-''^ '^^ Cf 
JL-j)(l (_5J^ J-/5J tl.^ ^jJl L^y^J ^^1 oLslj^l ^ 

. ■ Jiijjj jjijjj^i JL^tf;u*i i I jL^-^ ijJJw™jj ijjJUw^jl J J*1 912 i 

iUaJ'if 4;>Jil i>-U-l CJj^ (.^J*^' ^:^^' '— '>^' c5^J ' ^^ JSijJl J;y>-y2j I Ayi iJj^,:Uv^jl jjis 1933 I 

^Si]J SJl^I oUNjJl ^ is^U- ^li)li t!:Ji J^ U^a:^ ^Lw»Nl jLJ JjSfl UbJl i_;^l <^L^I Jl>u 

. (Simplex) J^lj 

•^ C^tJl Ijj aJWI aJ.UJI i_j^l e-L^Lj i1jLjJ.I cjI^L- j_^ 4:>p ^^^ ^ p^-w^ij t,_^L"l J>^^ 
Private Mobile Radio ^Jk^a^ ^rf^j <-iSj^i^\ ^\jS''C^'^\ jJ- ^jj^I^JI i_aJL^ ijjjs^ Jlj^I 

. iv^ULl iJUJI i_i;L^I iJkjI jl PMR 

. AT&T 2SjJ^ jl^j (. Mobile Telephone Services (MTS) Jid.1 iJlLjJl i^aji- jj^ Jj! 1 946 i 

cjIjL>-oj L/pliS-l cjIjLvJI |\>i JjJjJI jJ /*-*^ji J^Aull i_ajL^I jU ,c*^lii jjiJi /y cjL;---. «iL| i ■ 
isSX^MJI ji^ljJi 03^^11 (*^>^ Cy lP^ '-^'^' jji-ojJlj:JI pij^l -^ jl^ jr^' jjIaJl Ul t o^Ml 



\ro 



i^L>- Aixdl i_4jL^I i«Jj>- (»J^ jjJl Ijjjjij oJotdl cjU'^jJI ^J cjIS'^^I /-« JjJjJI cjj^ Jij 

AT&T ^^ m^l Bell Labs JJ j_^ tijJiLl ^UiJJ aJjSII ^_r-*'*^' o-w-j Ji oils' Oi^ ^lil 
^ (AMPS) o^ Oi^ oL:;JUi]I ^ ^ll ^j:o" J l^i^ i^J^Ul L^jJ^^I j_^j 1 948 ^Lp 
^ JbJoJl ^ >.lkJl lift J.!:;:! Jij (.800MHz ii^l ^J ,_,^2.>,^2::ij tA^y^fl lJ).s-A\ oL^fjil 

aUiJ ^jia^ (5jJpJl (_iiL|Jl <»UaJ iJji j^Lx^ ,*-^J (t-^ iJ' -'^ ^JJj' ^_^3 ' GSM <»UaJ ^^ - 1 991 ■ 

i^lii- 4:,^Liij (tJLxJl Jji /*^r*^ («^ jr^ t]^^ j^\j (tJljJl (^3 (^jJjl-l i_iiL|Jl ijj^ ^^Ip GSM 
4loj>o (5 JJl j»ijl j__,^ JUJI Jj:i ^y JuJuJl j_y JidI ^ysi^Ji^ jlSC«)|lj Jl»i:>- Roaming Jlj;>dl 
^1 iia^'>Ul oLiJiJl ^y JuJuJi cjj^ ''>jr^'^\ <>j^'^ J 3 ■ l5>-''^' ^P if -Jy-*^' Jl^Ui')[Lj 
Ju>jJl iSj>:H ^ Bluetooth djjJjJJlj WIFI (_$Ls (_$ljJl Ji^ 1 1:^^ oLiJaJ JUaJMl oUju^^ jyjJ 
. iJlp oUL. JiJ oLpj^j oLiJaJl jj^ jjjjJl (j^jJ ^jJ^I oMU^'>U j_^Lp <»UiJ ji_^ (_5ic^ 



j_s^2::>B^l 


tijJ^-yi^^l 


^^1.^1 


GSM 


Global System for Mobile Communication. 


. aiiiJI O^^UaJ-AJ ^UJI (>liiJI 


BSS 


Base Station Subsystem. 


. oJLpUJI ik:>=^ i^ J^ f '^ 


NSS 


Network Switching Subsystem. 


• Je^' ^} r^ 


OMSS 


Operation And Maintenance Subsystem. 


. ijl.,,^llj Li-lJI ^ji cliij 


BTS 


Base Transceiver Station. 


. SApUJI JUajl ik>=^ 


BSC 


Base Station Controller. 


. oApUJI ik=-^ |_j3 j»5c>iJI (>LliJ 


MSC 


Mobile Switching Center. 


. ^■^^\ ,,.„^l 


GMSC 


Gate way Mobile Switching Center. 


.jj-Pj, — a.0 


PSTN 


Public Switch Telephone network. 


. iaUJi k_ajL^I iSLJ. 


VLR 


Visitor Location Register. 


. ^'3^' (*^J-^ cT?^^ 



^n 



HLR 


Home Location Register. 


• L!"^'^' ^J^l J^?— ' 


EIR 


Equipment Identity Register. 


. iliil^JI ol.b-_pi ijjss J.;^--' 


IMEI 


International Mobile Equipment Identity . 


. iJj-UI jL^->Jl ijjA 


AUC 


Autlientication center. 


•J=i>Jl^r 


IMSI 


International Mobile Subscriber Identity. 


. i]^i^^ UjjS\ h^\ 


TMSI 


Temporary Mobile Subscriber Identity. 


. A:i^\ ilji,L<JI iyss 


PLMN 


Public Land Mobile Network. 


. o-jliJiJJ ioUJI l^]H\ iSL^I 


SIM 


Subscriber Identity Module. 


. il^p:_L<JI ijjA isLkj 


AMPS 


Advanced Mobile Phone System. 


. JiiJI ^'l^ j>iJI (.UiJl 


GPRS 


General Packet Radio Service. 


. Lsl^'^ (._^l JiJ i^UJI i^JiJl 


EDGE 


Enhanced Data Rate for GSM Evolution. 


.GSM l^H ^>-.^^l JiJI Jjjw 


UMTS 


Universal Mobile Telecommunication System. 


. o-^liiJJ ^UJI o'^UaJ'^l (>lli; 


HCMTS 


High Capacity Mobile Telephone Services. 


. in 11 |_jJLp Lil.<JI k_4JL^I ia-bi 


MS 


Mobile Station. 


. (t5_5-UJl jLpJDiLiiJI 5^^l 


ME 


Mobile Equipment. 


.JiiJIjLj^l 


PIN 


Personal Identification Number. 


■ ,_yV2i=-tJI k_4J^I ^J 


PUK 


Personal Unblocking Key. 


.^^^i^ici^Nia^^j 


SMSC 


Short Message Service Center. 


. 5j..,^5ll JjL»^I i«.L>- ^ yi 


VMS 


Voice Mail System. 


. ^"j;.,^ll JjjJI (-Lk; 


OSS 


Operation Support System. 


.j,^l^.(.Ui: 


CCBS 


Customer Care and Billing System. 


. iyyi]\j ^ J^i^\ CjL«.L>- (>liij 


NMC 


Network Management center. 


.iSL^ISjbl^^ 


HSCSD 


High Speed Circuit Switched Data. 


. . is- J — 11 iJlp oULJI Jj_p^ cjIjIj 


TCH 


Traffic Channel. 


. . cjU Jun.<Jl Ldj oLi 


CCH 


Control Channel. 


.(.iUJISli 


BCCH 


Broadcast Control Channel. 


. i'..!L jvS^^J obi 


CCCH 


Common Control Channel. 


. iSjpJLA jt-S^ sLi 


DCCH 


Dedicated Control Channel. 


. A^M S>Ji *.>.J>BJ SU5 


CT2 


Cordless Telephone 2. 


. ^liJI J^l ^^-jUI ^Vi 


DECT 


Digital Enhanced Cordless Telephone. 


. ^^.-^^1 ^^1 JS^'j^\ ^-LgJl 


FHSS 


Frequency Hopping Spread spectrum. 


. j-LlU^I k-a-kJl JJ^ ol jjia 


WLL 


Wireless Local Loop. 


. i-Sl^-iUI a^.^1 Sjl^l 


MSISDN 


Mobile Station International Subscriber Directory Number. 


. JjjJI il^i^l ^-U j,ij 


TDD 


Time Division Duplexing. 


. ^'LiJl ^jJl ,.^^1 ^Oi; 



^w 



^^^^^^^^^^^^^^= (aJbtJI SJLo-a) a_iJLJuaUl a-iSlui*UJl 2ula:i^l 

. (1 ) J5Ll!I ii^^f . PSTN i^bJl ^"1^1 K^ LgL.jj UiJuJl oyyij oL^^ JU^"^! 




PS1H 



o-'>l<JI ioJaJlj V^jll\j aj^^SLvjJI oLw^j^I j_^ 4jIjlJI ^ L^ljL>tiw-l 
. (LjjXj obi 25) ^j^ Jidil iJjO 5ijJb>t>i i*— u . i 

^^^^^^^^^=^^^^^^^^^= (Cellular Systems) Su^JljJI 2ula:i^l 

Ji: ^1 isL^NL; oUiJl^l jj^ JjJbJl iaUil (♦Jj (3) J5LlJl ^jA^ J^^ L^iJl ^^ Ji:iJI (jl5lo)(L 



^VA 



rr\ I 



t\ I n 



^P"* I *■» 



'^ 








:(r)J5Li 



:(T)J5Li 



G1 1980 J^^l J^l 

.FM j;^:^>-s^l (»Ui^j Analog ^U:JI >.lkJlj FDMA ^$^^^1 .,-_..>JrJl ^JJ^:^^: c^\S : L>-j]j:Sci\ 
. jLUl ^ HCMTS Ljjj^\JNMJ-900rAJij^^\iJ^c^\^iyj]\JAMPS :iL^I 

G2 1992 j^pLUl J^l 

LgJlXJ ip^^ jjiajj ioiijJI CjIjIjJI ipb-v? jjlaj Jj<j t 4^w<kijJI ijj^^^i (»IJt;>tl-uL J*;;^! l-i-* 4.<JaJl Cjjbul 
i4.<JaJ^| oJ^ ijj,i j^bt^ ^'-^J r*^ -^J 'UJ j' ^ J^-^f'^' '*-o-iaJi-) iJjLa^ iJbOl L^L3«~»o CjJ-^ojj tCJbL-iJ 

QPSK j>«-s^"j V^ Jl L^jJjJ^lj CDMA J FDMA j TDM A Jj-/3jJl oLi; ^.Ji..:^^: : i«Jb;s:u~JI ijiJI 

. JUi^^llj JL.j)(l ^ GMSKj 



sr'^ 



TDMA (>a^.:u.oj i "^,^^\ SJ^^I oU^^jJl : DAMPS : ai_L«l 

.JDMA ^jJ>c^_j t JUJlJji^y JjJ^ljUjjjl :GSM 
.CDMA pJJ>'C^_j "^.j^^\ iJ^cjJ\ oU'yjJl :(CDMAOne) IS-95 

. i^jJl j;>i.ddl oLjsij 4^ljj>tlwc^ JuikJl JL/J" 4jj3 AjLoj^ . V 
. [Aj^j ^--5'liJlj SMS ^f^j.v2l]l Jij ALa t CjUjiS-l Jyi JbwbJl j^jJ ■ i 

(Phase2) G2.5 2001- 1999 jjtail j^LUl J^l 

JiJj toJ^)(l oLLiaJ (.Ijj^ji^l ^y ^;^ IIaj TDMA >.Ul; >.j^^jIw: j_^I iiLJl J:\il\ J^l UkJl j_^ 

. o^JjCuJI iaSLojJlj CjULJI 

.GSM >.UiJ jijkJ >.a^^:L.-lj : GPRS : i«a^c:;~>uJI 4^' 
GSM iJi:! ^ ^^J>c^ ^\ GPRS ^Ui: DAMPS ^UiJ ^.jiiJ ^J^^l : EDGE 
.(CDMAONE) IS-95 ji>J^J^:uJ^I :CDMA2000 1X 

G3 2001 lLJLUI JjsJI 

JbJbJl 7^.ij A^l5o _ptj 4j>-jXj| IJjGSM (»UaJ 4.v3L>-J '(_5J'^' J'C^' 4.«JaJl A:ilfc»- (_5Jl]I j;>^l 7-l>>^i Jju 
i>pL^I jUi'yi f»-li>J 5l.iL<JI ioJaJlj LSvl-o*AJl i_ajl^^lj AjjJjiJi A-oiaj'^l A<>-.lj wb^lj (»Ui( ^ A.<j2J'yi -yi 
^.iSAj I Jjj t J~?=Jl 1-^ A^JaJi 0.1^-j^ j^ut« *^ ij aJjJjI C-i L> fe '. oJ I CjI Jjj t Jj>-j^ ^^Ip ^Uaj ^j l^.>t^,ij 

^^^^^^^ WCDMAjj-/5jJl^UiJtjJl^lJJ-l4.Ji;!^Jui=:i^" : i«aiit:UvuJI V^' 

(.Ji.^^. ;CDMA^ ^jJyt WCDMA . jLil>^Nlj JL-j)fl ^ QPSK t^^«.^"j 

. jLUljUjjj!^ UMTS 



U' 




2G 2.5G 3G 

s\ EDGE^ 




. Js^yi (_5^^ (_r"W^ • ^ 

Global Rooming J^y Ji.[i^ Jlj/ . Y 

GSM ^S GPRS \ EDGE ^S WCDMA ^ ^ ^ 

. (La —C'j 4_pb.v' ju^ij 

. iij^ ^J->^ oiJjtdl JaSLojJl Ju4J . £ 

G4 2010 2yljJl J^l 

100Mbps ^1 J.V2J aJLp O'ULj Ji; ipj^ ^1 Jj-s^jJl jjss J.f>Jl Ula ^ ^_^L-'Sll A^yM jl 

)wij::--^j^l iJi^j tWLAN A^iOu-^UI ol5L^I Ijl^ j^ i_j^l dJJij <.^Jui=:i~^ JiG (IP Address) 
(, (Picocells)l 00m ^ Ij*>UJI ,_$Ju. JuJjN Jlsj «. olS'^lj i^^LSCJIj aJLSLJI oU.<.^I ^ 4Jl>.^ Ij*>U- 

:(^) ial djji 

. L}j>^\ (_5jJj>Jl JLm2jNI cjLS'j^ |_^ (»jj>tXw^l A^i ^ ^^-^l 



^^^^^^^=^^^^^^^= (GSM) ^JutlUII Ci^LuajMJ (^UJI aU^I 

^jiJjJ^ l5jc^ (»UiJ i^^^LLij ,_r-"' (^-^j 4Pj.*^>t^l oJla ^wU jlS'j t (ITU-T) cj^Ls^*)U JjjJi :)UJ!>U 

. (GSM) ,_y>— oj t L<JIp j-^lxJlj 1 1991 (»Ip JUw« (>UiJl IJla J,J<.>1ii Ijj Jij t jj^j^ 

ijLL213^4^JiJlaJL^*>Ud^ 690^y^li]L^ t JUJlJj^ ijLi:::! UiiSll^l ^y GSM ^Lk: Jbu 

^,;>^l j_^ 4jL1:o iijJiJi i-Jaj'bll jl Ujj CjUjiJij CjLLJa:Jl |j» JbJjJl ^j;>oj t (2006 CjLjLv2^I) jyJLjJI 
. (^j^^^^i AjjJjiJi kJkij'^\ -yi JjJOJl j»^ j_^ J^Lw^ GSM (>UkJ lu^lji jU jJ/2jL/2;>JI -^ 



u^ 



GSM j>lia:i Jl a^bJl 

; ij ill c-iLs-s^lj^b ,x-:^-4-^ 
toJ^Nl t^U JSDN) oUUl Ji. tt5>^" ^"^L^""^' ^L.J^ Jl Jj^jJl iJLS:.! .Y 

. Cw2^lj JuikJI *:>^ aJIp l^yjj jLiI (»Uii . T 

. Jb>-j» (_5iLp (J-'LLi ■ 

.TDMA (_^jJl (♦t-— *^' p'\^s-c^\j (_5jJiI-| *jjj:Jl j-^ ^ii^l (jLkdJ JL5^3 j»ljui. 
jji AauII i_ajL^I jlf^ j;^ LJl5C«l j_^bJUj i]^,::^! Ja^^ cjUjLw A«^>«j t5-^' SIM ^jLil\ cj^ ■ 

. PSTN iaUJi Jl.,r7"^l iSL^ x^ 4jLv2jlj CjUjiS-l -jA JjJjli] Oj^JJ ■ 

: Aj'Sfl oIj^jJI j^ GSM j>UiJ j_^ 
.(MSXtijJiLljL^DiLidlSJ^jJl ■ 

. (BSS) oJ^UJl CjLk;>t» (_5^^ (»LiiJ ■ 
. (NSS) Jjj;»tJl iSC-i j_^^ j^UiJ ■ 

. (OMSS) ilUaJlj JJ.^1 ^}^^ ■ 

UY 



{MS)iLa::uJlSJ^jJ 






aJla;!^ *j-^' • ("^) i]^^ 



GSM(.Ui;^^- :(o) JSLi 

(MS) alnnll OJLs-^Jl 

jjSC Jiij GSM >»lk; «^ J3lj:u jL^^ jjs.j : (ME) j2;:uJI jLf>>JI 

jL^.>JJ4JjjJl ajj^I Ji<>Jj '°j::^ iV" °jr*^ (IMEI) L<Jlp Jby (ti^ 

ryj ^y> Ujuu ;_..>.^ 2Wj 0.8W ^v^ L^ i^L>^)fl isUJl ^jl^'j 
. iliJuJl o^^^^'^l f-\jj\ ^y2ju_ jV^j (6) JiwJl . aJ^JI 

j»ij |_^lc- (_$j:>J A^i aSLL; |_ysj : (SIM) t^j:J^\ 2jja AiUaj 
/j^ k-ijj^; -^7^ ,_yJLf- (»ij j-*j t (IMSI) ^jlL<J} aJjjJI ajj^I J^ 

^jj j>UaJl J*)l>- J^ aLjj j»Joj t i]^,:i.L«Jl Ajj^ |_^ GSM (»UaJ aJ">L>- 
jji /)-<J t A^v-wdJI CjLoJj>- i_4]l;>t^ Jl Jj-/? jJI dJjJb /i-«jJJ li^ jW^ lS' i_?^ L^ljj>c:U»il />^^-«J l-«^ 

•yi i]j:i>L<Jl aSLLi jj5\:oj t liis^jljial! ^|cjLJ15\>i AJXwj jI A^^ jl aI^juJI o.b>-jl! -jiCoj ^ aSLLJI oJla 
EEPROM AjbSGlj 5*1^ iLli S^lij ^1^ (ROM) Ilaj 5<^I^ 5^li ^ tij:>«:; (Microcontroller) ^bw 

. (7) JiC^I i^^^ . oUUl ^.>d 



JiJu^l iljL^^ er^t^l IMEI Jl iiy^ 
(**06*) 



ur 



RAM 




1 I'O 1 
I 




FLASH 




CPU 



















(SIM) J^ljJI^^I :(V)JiLi 



l) iSvo j»Jj iAj (PIN) (_5 )-«-" f»-3j (»lwL>tX.^b AJUaJI 4jL«j?- (»^J 

^i f»ij JL>-ilj ^y^Jl Jj-/3jJl *:^j t jli:o AiLkJl jU cjIj» dj^\j 
i1^;i.lJJ aS"^! ojjJ (^iJl (PUK) ^__^.^2^>^\ (j*)lp)(l dii j»ij ,_^«-wj 

'I wJi 



iillaJl 4jI -i wUp 



:(Y) i^L 



. i] JLL*J| ij lA iSUaj (J-C- J V>tJ i^\ CjULJIj CjUjIx^I (t/2Aj ^ ^i.w>tjl 



Ciphering j;i-tJlj Authentication J^jJl a~L^ ^y />jj^:uJ j_^l iibkJl j^iJ^\ \s\m\ ^ ^Sy>^ ^ 
pJLptJuJj ^j:Jl<^\ cjULij cjUjLw L^ Oj^. S^iiS' (»Jj^:iwj i]j::..L<Jl ajj^ AiLkj jU dUi j_^| 4iL/j>NL; 

: (BSS) hA£i\j>l\ CjUaata ^^j^ (»liaj 
. OwlC-LaJI CjUa;>t^ ^ (>.5s;>tJI (»UaJj i. oJlpLiSI JLs^l Al3s>tji /wo j i5cjj 

t (Transceivers TRX) JLiu-^^lj JL-jNl cjIJjw j^ ^1 jl a^lj ,_^ iij:>J : (BTS) oJlpUJI JUaJl ik;>s^ 

. (Multiplexing) ^jJl cjLL^ .Y 

. iLidI SJ^jJlj JU^NI r-^ tlrj ^j— ^'j ajLJ-I l:>\jj (Frequency hopping) jsjs^I oljii . T 

. SJpUJI Jl-vaJl oUa;>^ J^l j^^ (8) JSllJl 
: Jio Lc /.jiJ (BSC) SJipUJI oUa^-s^ ^ jti^^xdl {»Ui; 

. 4^ldl Olii^lj SJ^UJI oUa^ j».$^^l . ^ 

I Eijfcait . (Channel setup) JUaJ^I cjIjJ Ja^ .Y 




Jlj^ i^^^ oApli i}Lj£\ ik;»^ ! (A) JSLi 






Ui 









aS'jAJI i_wj^ cjb>i oJ^ |_^| l.,r?" Ji) oJ^UJl cjLk;>t^ -^ jiS"! j\ oJj-ljJ itjLJl cjLUjJL BSS ^jh 
Lgl>-I:s JuidI Ai.4:j^loa^jU|jiC<>j|_^l i4Li<Jlj_^j t Location Area ^j^l 4i.k"..< (_y>-wj 4ii2."..< ^_^ (ajuLm2JI 
. (1 0) ASLlJI . (LAI)idLi«Jl j^ij (_y>---j f»i^ iikuJl i_ajjJj t *ij^l tlo J;>tJ i?-UJl jji 

(NSS) Jji^iUl aSLul. (_^j^ f»UiiJ 

jLo J;>-j I ajUs>j /»-laj<^ °J''^r ?¥^.J {^ySi^d] (>Uijl ' ../oc- jJisj 

. A^j3 4.«iijlj t ivwoj ioJajl -^ O^CJj t PSTN ialjJl 

io-bi iik:^ : ( ^ * ) JS^-i 

.(11 ) l>-tjl ^ l^ . jjljJl »3j^ L>t.^j t (JJ ixJl ji -0 J t -*J Jl *3j.aJ1 L>t.^j t (_5 li wttJl /v-^vittJl /wo j iSco 
j.si?Lc- A^j tBSC oJ^UJI i::jLk;>t^ ^ ^,^.>c}i\ LJiJl ^j^ -^j^'-; cj-*; -(MSC) i^^^\ jy—^JII ■ 

. (Authentication) J^j^\j (Registration) J^w^^^l . \ 
. (Location updating) ^ijli cj*>U.^ ^-^ • ^ 

»^ JU^-Ml 0:-«IJ (GIVISC) jj.^1 (t-^ ><^ JUjMI . 
i^iiJi;'-^! :(n)jsa .(11)J5:^1>:I . iiO-^^Ulj iiUl L$>'^1 olSL^l 



BSS 



NSS 



GMSC 



PSTN 



MSC 



^V_ 



Uo 



i«jli '-^'■'^ oJ^ii ^j :(HLR)|_^^I ^jll J->«-«^ ■ 

.(IMSI) • 
. (MSISDN) JjjJl i]^l i_i;U j»ij • 

.(LAI)i]^:id^ JU-l^jil • 
.(Authentication & Ciphering) j^i^lj (Jej^' Jj-"J • 

.(Roaming) Jlj;>«Jl cjUjLw • 

ISwj 4ja^ yj 4.^4j>t^ CjULj oJ^li (cAj ! (AuC) (J^JjJI "S y> ■ 
(IJ iill j's-g-^^ Lg-^ r?'-"^" HLR ^_>*iLwo jl I ^jJ.1 R^-~*' /'-^ ( r^J 

. (Authentication & Ciphering) j;oLidlj jJjJl ,j4-^ 

Lst**! ^a l^Jo );>tj |»jj |yj IjjlLojI 4^ Jj>-I jX^Ji VLR jjijJi ^ f" r?"-^ (V° '— *-"^ JyJ'' '"^ JLJ iJ f»-^j 

. VLR J:>^ Jl L^ ^^^ JL-jl J HLR 

. (13) J5Li . (HLR J.>=^ U.IJ jJjJl jS'^ ^.juj »iljJl ^j) 

iij.« '— ''-''^H '^•^^ if" °j^ • (VLR)^ljJl ?^y> A^r^^ ■ 

(_5^^l *.will Xa^oIa (jUaJ jJ LJl^ ryj\>Ay^ ijS j:2^.t^ 

*ijll J;^--'' (_^ o^ij^jil diU iLLka cjULj j_^j t (IVISC) 
Jl JU: ^-U J^i LJ5 io/ (HLR) 0:^^::>lJJ ^^\J^\ 

i (MSC) ^^J.\ jY-will -yi ^'■y>- dj^ ai\s-j i LgJ-o^ ViW.i 

JiClJl J U5 t juaJ^I VLR J;>^ Jl j»..^l VLR J;>^ 

: ^"l> J^^l J j>oj . (14) 
.HLR^^LoSfl *ijil J;>^^5ij;^jlli]^;:^loULo .^ 





/"""^ 


HLR 


^ 






• IMSI 






• MSISDN 






• LAI 






. A&C 






• /^j.<»_-^l cjUjc>JI 






il^JUJJlj. 






L! 


_™5^l ^j^l ^y^ : 


(u)jia 


r ^ 


/- / 


HLR 




AuC 






A&C 






/ 


jJjJI/^:(U 


)J^ 





VLR 



• TMSI 

• LAI 

• A&C 



y I jJI ^j^ J^?— : ( ^ O JSLi 



Ul 



IMEI 




GSM'iiiJiJE\R^y -.(^o)^ 



VLR Jj>^ J^b L3Ij_Lp jJjjj (. IMSI ^ JjOj j^ij jJSj iTMSI oijil ii^^l ijjjk j»ij • 

. ijjllil 4jjJ!s 4jj^ |_^ip Jili^JJ 

. i]^,:LLLl xij^ Oj j/ J-f-J LAI idkil j»ij • 
. (Authentication & Ciphering triplets) _^i..tjlj (jJj:Jl jj^j • 

Jl>«_JI IJla Jii^tj : (EIR) iUidl cjIJj^jJI 4jjJi> J->=-^ ■ 
31^1 jlS' lil U aJ J^-^w^j «. Ji::^ JL^ JiG (IMEI) jti^ 

EIR ^j-« 0>:J (15) JSCiJI . ^U-*-!! ^j^ lijij^i jl Lijj~~« 

i_Ji3 jl (Registration) J,;w»,^ I aJI^ ^_^^y>^\ \1^ f^yrj^ (WJ 

! ^ t f»jijiJi /y p'jj' ^^^ (_5^ l5>>^*^j ' i'J'^ *■'>=^' 
. iJu>J.l j>lji^:i^^|l j! ci jil j»IJi^:i^Ml 4JU ^ jLp- JiG IMEI j^ij ti_^j : (Gray List) 4jiU Jl 4^"U]1 . \ 
. ijjj..^ j\ lJj3j^ jLg^ J5G IMEI j»ij j_^ tij^J • (Black List) ^Ijsj^I i«jUJl . Y 
. iJbJ.! iSLdJi <»la;i.:i^lj L^ ^j-^ail IMEI />lij! ^y (_jj^ ^ tij^J • (White List) ^UiJl i«iliJl . V 

.ME iLij^l olwl^jJl A^Mv? ^y 

i_ajL^I Jj^ 1*^ EIR iliJuJl CjlJb^jJl ajj-a J'?'--'' ■ij (J-^ «-L(j 
LfUij t j-^iJiw^ J>5LL> Jjsi^l iJus t^J^>J i_w>rj IJJ i 4.M2i J J I AiJuJ I 

cJjil -jj J;>cdJ (> J;>t:i,vj ("Uii jjkj : (SMSC) lj^^,.^aj^\ Jjl-^jJl 3^j-« 1 

olJi^jJl tju iJiLdI o^j^waiJl (JjL^jJI JLii^lj JL-jl iJu-c- J 

C$-'JJ^ jl "iSwtJl J ioJ3-l Jli-Lo fui j\ (>/2Jto 1^.,<?<<J "lU^I 
/>UaJ x^ J MSC i^'Sy (t— vjLo /wo jiSi )t^ j .,170 J I (jui~«ii <to-Ui-l 

. (16) J5C.1]! Ji^M Voice Mail system ^y^\ -b Jl 




s^~^l J5L»^I ji'^ :(n)Ji^ 



uv 






NSS 



VMS 



^^^. 



SMSC 




J^\ Jj,J\ (>lli; : ( W) JSCi 



j\ iUd.! ij^j]\ (i^l xp : (VMS) ^"j-s^i wb^l ^\^ 

Li /wi Ld;»-^ L^L>.^j '■ 7 J. /-ill JbjJI (»UaJ ^ iJl y^ 

t i]^,::.d.<JJ 0j..,f?^ 4JL0J J^jk SMSC ljy.aJ^\ JjL-^I 

'S y /*-*j t MSC i^'SjA (t..^~A^ jwo j^' 1^-^ (.yj-'^' "^j~' 
.(17) JSLlJlJi^N .SMSCS^^I JsL-JI 





OMSS 








1 






1 












OMS 




OSS 






1 














1 




~1 






1 










1 


OMC-R 




OMC-S 




NMC 




PCS 




CCBS 



iJLwJIj JJ<-iJl ,_5*^y ("LliJ : ( ^ A) J^-i 



(OMSS) SjUuaJlj Jj'Tm'ill ^jiSi j»llilj 

. (OMS) ifLvaJlj \JiJ:^\ <»UaJj t (OSS) J,J«.ddl ^:i <»Uii -^ 5ilp aJLv^JIj J,J«.ddl (_^^ (»Uii jjSco 

.(18)J5:^I^U5 

(OSS) JjTmlll ,*£J j»liiJ 

^ aju^Ij j^^i-ijdj tijii'yi ^^1 1^ ^ j\ij 

(CCBS) ojjjAjIj j2>^ )-~^' '-—'^••^ (""^ ■ 
! [P4 Li- 5 J 4AJIJ (joJi.LLi cjLoJj>- >»Uaj ("U^ ^/2;>tJjo 
SIM i]^^l ^Ik; ^j (. HLR ,_^L.S(I »ijll J;>^ ^ i]^^l oUL Sjl^sl . \ 
. jj\jji]\ j\j.^y \.fj^\ju3j MSC ajjS"^! jt-ojUll jyi ojjjiJi cjULj ^>-'i->- ■ Y 

jY-wiJl iJlft j_^ jtJo : PCS i]^,l.LLl Ajj^ CjliLki ilJLp| j»UaJ ■ 
jti^l oULo Jaj^ dJJij (.SIM t];;^^^! oULk; J^ 

IMSI t^J^I i.LcI) Oi^^l oULo ^ ^IkU J^J^I 

. CCBS ijjju\j jjo Jldj.1 CjLowb>- 
jtijj PIN (_$j^l jti^l *liap| 4JI iJlA ^ j»Jo Ui" 




•MSISDN 
•IMSI 



SIM 

IMSI 



e> J aju\j 'yS JLZ^\ Aj>Js»- >»Uaj ! ( 1 S) LSs^ 



UA 



4ii:>J.I iiLsizJlj JJt^l jS'Ijj: j».$^;>tJlj ^iijllj iSL^I ojli| jS'y> (>jij : NMC iSL^lJl ojli| jS'j» i 

(OMS) ajijir-ilij Jxjuujji j»iliij 
/j» jlpjj i]Laj t(OMC) AJl..,r?llj J,J<.^I '^\j» ly J^\ jl ^y> ^y AJL^aJlj J.J«.>lJI (»UaJ dj^_ 

! |_^Ij U^ A»Lp ^j/i^Jijj NSS ajjS'j^I Jj_pcJl iSwi ^^ i^UaJj BSS oJ^lxJI 

. jS'lj^l oJij6 jj /jJ^LJl J>J 1^1 i<Jaj'b[l oJLa i_il:>t.x>j |Y.5^;»tlJlj J.J«.ddl 
_ :(V) ial au 

GSM Jl (>lia:i l::jUjl> 

Teleservices JLa3)fl oUjii. 

! Ji^ t|V^j:i.L<Jl -j^ Jl.,r?"^l pljj' /y -bJjJl ^yjj (_5Jlj t GSM J I iSwi -^ i^Ji^l cjUjjJI ^^yssj 

. ^\jil\j <.sms S^^^s^lll JjLo^Ij oULJI iaJjiUJ.! 

Bearer Services <daij Jl idaij <UlJL>. 

J^Lj A»J:>- |_yisj t C'ij-* jW?^ iLij^l oJb-jJI AJs-C^\j_ dJJij CjUjIa^I J^LJ i^JjJl oJL& (»Jj>t:iwj 

• « 1 gU ./>"lj CjLojJj*^! LaJ Jl ■,--'"1 f'^yiS LojCJ i_Jj-^U»JI jLgj>tJ AJLijuJI oJb>- Jl iaj jJ Liijij t CjLajJuuJI 



, (20) J>5wJl ^ U^" . i^jJi cjULJI <5wi *^ aLjj jI GSM a5L^ j^ j>-\ '^^yJ\s>- 







Jl /»UaJ j_^Lp ojjia^ i«JaJl JL>-il ^ ^l-^J ' 9600bit/S (_^| \^ c5>v2^ (UJ ic-j^ (_5ic- Jj-/2^l J^^v^ 

. Ui:S[l oIa j^lj GSM Phase2 j_^li]l j^kJl >.lk; >.UiJl iJu Uxp (_5^»-wij <■ ^l-^W J^ "'^jr' °-^^.i^ ^SM 

.(GPRS) Lsl^^ ^3^1 JiJ l.U]l l.j^l (.UiJ 



, (22) JiLiJi . (Call Forwarding) cA\^\ J.^/ 
. (Conference) .iJ^cil LijJj>^l 



.(21) J5:^l. (Caller ID) Jvadlj^ijjl^l ■ 

.(Call Waiting) jlkJ^l^iils:. ■ 

, (23) JiLiJi . (Call Parrying) olilSlI ._^>^ ■ 




jLJlSUJI(v^f^:(Yr) JSLi 




T? 





jLJlSLJl Ji_po-:(YY) JSLi 






^0. 



Value Added Services S^Lail <UjLflJl oUjii- 

Lgj>-U>tj ji CjLoJjsJI oJLAj iJUi'l jb«.^b /jiy>-^ frU -i x^ jjbcjb GSM Jl aS-Jm L^JLaj CjLoJj>- 

. oiJbcdl iajLujJl CjLisj ■ .jLji-'yi ■ 

:(t) ial ^ 

GSM j^liaiJ 'AuhW (j^LaiJl 

t^_j-UJl ^.j_jJl : (Y O JSl-i . (24) J5LiJI |_^ U>5 (^^^1 aaL:^ j_^ L^ljuiti^l l:>\s-\j U 

•j^ isLiJi ^^ iw<.>/2-' rj'j^ iJ' if'^.3 ' (Cluster) iji:^ L^Jlc- jilaj L^l^ ^<^ jl aj^C ^y ic-j.4^>t^ ^s^>c^ ^j 
: ^ t (»LJ1 ajujI ^I L^UJI (t-wi' jl ;^^M_ dUi ^ JLj t aJjjJI jl^LJI ^ 35Km ^1 A.<^ijJl j jJI ^y 1 00m 

. 35Km ^J\ U^ i_iv2J J-V2JJ : Macro cell ■ 

,.,^1 U^ E.U ^1^1 ^\ (..i^. ■''OKm Jl U>S ._i^ J^.j : Umbrella cell m 

. i> iJ^i ojSj lUp ^j .1 Km JIU>S._iv2Jj.>/2i : Mini cell ■ 

.300m Jl 1 00m ^y U JiS i_is^ J^v^i : Micro cell ■ 

. LglJaJu Jsl^l aSW'.U A^Lw^ ■ 
. iv^^^l JL^^I Aia:>t^j Alijdl Cjljb>-jJl J_^j AsLwil ■ 



f4 



f3 



f1 


f5 




f6 


f1 


f4 


f7 


f2 


f3 



: iJ'yi Ulj^l (_5jJiJl *j3j:JI j^ijjj t(25) J5Ll!I j_^ Ui' jjUt^l 





*^ (U/2:j (_5^' BSC oJLpUJI cjLk;>«^ j»5c>tJl (>liij L^ r*-^^;^ ^ (Cluster) ijiic- ^ pr'^' Is-y^s^ J5' 

. (26) JSCdJi ^ U5 MSC ^L-Sll j»..Jjl 



MSC io-L=^ iikL^ :(Yl)Ji^ 




MSC i..^^ iak;^ I I 

LAD 



^oY 



. 1 3Kbit /sl^^j Full Rate J^lsaiJiJUj^ j 
. 6.5Kbit /sL^j^j Half Rate ,_^i^lJiJlJwbw ■ 

1 6Kbit /s j_^|cjULJI Ju4J ic-^^ /U^ '^^ W O"^^ ^-iUij Lf^ j^^^^l i^iaJl j BTS SJ^UJl cjU2;>^ (_^j 

2Mbit/s (PCM30) io^ Jl J^ l^ 120 ^^ ^_ c5>^' j».wUl Jl l^ JJj 



(.LkJI 


V^LJJI 


GSM 1900 


GSM 1800 


E-GSM 900 


1850-1910MHZ 


1710-1785MHZ 


880-91 5MHz 


(Uplink) jL»j^l iiy Jlk: 


1930-1 990MHz 


1805-1 880MHz 


925-960MHZ 


(Downlink) JLar.-Ml aj Jlki 


2*60MHz 


2*75 


2*35MHz 


(Bandwidth) ^1 JLkJI ^y> 


200 KHz 


(Carrier Separation) J-^liJl JlkJI 


80MHz 


95MHz 


45MHz 


(Duplex Distance) ^^jij^l JiL^JI 


300Ch 


373Ch 


175Ch 


As>-jiyJ\ oljliil iJLP 


TDMA/FDMA 


(Access Method) Jj-/3_^l j»lJiJ 


8 


i?-jij^ oU Ji3 ^j-^l Oljlijl ijLP 


GMSK 


(Modulation Method) ^j-.«^l (.Hi: 



Jl^l lUy^ (_5^ ' (J^' Jj'i ^ JbJjJl j_^ 4^L<JI Cjl^iijJl i^^bJ GSM A-oikJl j2;>i iJLP jlJU^| j^J 

oU'y jJl ^ GSM 1 800 ^UiJ ^J^.:i^_ j^^ ^ t W«i>ij W Jj^ (-^=^J ^JJj' t/ GSM 900 ^Ui: ^Jbi.i^_ 

i^jJ-c^ i^Jl\ c:j\:>:>j^\ i}\li:: jA :Uplink jL-j)fl:>:>y (jLk; . ^ 
. oJipliJl JL/2jl il3^>,j> ^l oUijLdi JL*.j} ^ iLijil oJi^jJl 

/^^^ KR (_$JL!l cjlii^l JLkj yn : Downlink JLiu-^l :>^ji JLLj .Y 

^""^ Downlink f^J'' 

4^jJ^:uJ.I JLtfi^'yij JL-jNl olii^ (_sJ^' (jlkJl ^y^ j^ : Bandwidth ^J^\ (jLkJl ^y^ • V* 

.GSM^UiJ^ 




^or 



. JLs^^yi 5bi cjI^^^ (jlkJl ^j^ y!> : Carrier Separation J-^liil ijLkJl . £ 
SJb^ji! JLii--^(l sUj JLcj^l 5bi ii^ i^_ (jjiJi jlJi» y!> : Duplex Distance i^-jijll iiU.! . o 

. JL^-^yi U.«j> J^U aiidl 

(_$ii^l ,,-_..>i.jl ^j)J-c^_ GSM j»UiJ jl j_^l iiUi^lL; : oIjIaJI ^jpj Access Method Jj-^^jJl (»LkJ . V 

JiJi Jjjw aJI^ ^ AJi::^ oIj^j ^UJ j^ 5.b^ljJl SLill ^jy cL.^ TDMA jsJjcuJI ^^il 
k^j ^j-i tj^wi Half rate iy>^^\ JiJi Jj^w iJl^ ^ iU:^^ 5J^j 16 jl Full rate J^^liGl 
oUjix^l L^ Jii; 546. 5us ^JiSc^ iiiju 5J^j JS'j <. 4.61 5ms L^J^ (Time Slot) SJ^Ij 




oULo 




Md.hi.t.i.rii 



i 



J_^_pi(.lli;:(YA)J5Li 



TDMA:(YV)JSLi 



Modulation Method ,j;l«jA1!I (»llii:i 

(jUaJl (J..,,^i J^;^j t oJ^l^l ila;>t>ij iU;j^l Owb^jJl Vj^ jLil-o'yij JL-ojNl ,_gg OMSK /-^ ..r?" ^AJtJIwJ 

. ojjUtJuJi cjljitfJl -^ Ju>-ljJl X)^j JL-»j*>U ,_^L5^I (j^^j'-^i ij^j^ ^y (P-*d ^ • (*-^^^^;-— *J' 



^oi 



^jcs-j^ L5-*^"k °j:^J ij^J k^j-^ /y J^v^J,! oL«jlx^ AiJ (»Jj>tiv»jj ! (TCH) cjUjlxil Jlaj oljii a 

.Half rate jl Full rate 

4ia:>t^j iLid.! Owb>-jJI ;ju jtJbliJij j».$s;>tJl jj^U (jl^ ! (CCH) jY.5s;>tJl Cjljli ■ 

: i^^ P'j^' ^*^ ij'l rr-^J • oJ-f'^i 
GSM p\jaj \j>jLa AjjJis |>Jj jLo ti (JJjjCjI CjLojJj*^ I.LJ pJis>C^ ! BCCH i,LJu f^S\>Cj\ oUi . 1 

4ll$C« Jj-^jj iLi^dl oJ^jJl j\j>J^'^j (Jc^j^' V-*-^ *'>^^ ("JjitJiwjj ! CCCH ^S'ji.ill j».^3^l olji . Y 

. iUd.1 SJ^jJI JJ ^ ^15C« *l^l c_iy SSJSj 

. aj..,i^aJl JjL-ojJI JLiiwulj JLujIj ^jli doJb>t:J (»Jj^i^j ! DCCH i^^^l j.».5^;>tJl obi . V 

(Location Update) ^^^il ^^lJlsbj 

<u*j\>i-u^ ^ ME iLiJuJi cjIj^jI! ?<ij^l cjUjLw tloJb>J -ja XiH GSM a5L^ J^''^ ti^' *— -r-H 
! Lg^ jtJo Ijfi J5' j_^ aJ.«jJI oJl& i±jJ^>Jj t (HLR ,r-^^l ><ij^l cj*)l>t^j VLR jijjii cj*>l>t.~u) a5L>l!I 

. iiAull oJbs-jJl J,Jt>lj ■ 

. 4il>J.I K^l jisL^ J*)U- JidI ■ 
(Ciphering j-LaAlllj Authentication ;3^3lll) ^jj^iuJlj qL*^' 

. ^jll ^^J^ ^c^-*-^ ■ 

t La j,jL1j -P <U^L»i ill AJap^^^Jlj AlijuJl oA^-jJl J-j L^Liu*ilj 
^™jlj JLiU^ ill AJa^^^j aAaIX^JI oJj-jJi J)^ 15 (»J;>tl™j jl i^,w»tjj 




^J^1:(Y<\) JSLi 



^ 00 



^-^'"'V-. 6 



c^. 





VLR 




5 


A 
3 1 4 

y 


GMSC 




MSC 


8 

1 
■< — > 
10 




2 9 


MS 


BSS 



SjjL^I oLJL^^I j~^ : (T • ) J^-i 



(_5^l iliju oJb^j J| ilijujl oJb^jJl |\>i ojiLvsJi c:-iL<Jl5C<Jl ^^ 
oULJl JiJ j\ oUlSCJJ *lj^ PSTN U^«JI i5L^I i_i;U Jl jl 

ift^l JUaJl ila;>t^ jjj^ JUaJl (^Ij^l oJlis JLijl (vJJj t CCCH ^i 

.BSC SApUJI olk>^ ^ jvi^l |.Ui: Jl lfj>j t BTS 

IwLJj MSC tijS'JI - allj iUd.! sj^jJl 0:^ ^lU^I BSC sopUJI olL^ j»i^^l ^Ik; j^jj . Y 

.VLR jljjJl J;^--- ^ Authentication jJjJI aJ.*^ Laj:>p 

JlP «-L) oJpLaJI JL/2jI 4ja;>t>ij iii^dl oJj^jJl ^ jJlJi::]] (»UaJ Ao-C- IJ-J (JJj^Jl aJl*P ^U^ wb«j . V 

(^jS'JI jY-wiil Jl i_jjiy.l i_ajLgJl j^ij (»-::5^l Cjlj:i (_$wb>-| (>lA?^:i-oU iiid.! aJs>~j]\ A-^Ji LaJju . i 

.BSC SJ^UJI oUa^ j»i^^l ^Ukjj BTS SJ^UJI iia^^ ^ IVISC 

.VLR jjljJi ^J-« /}?'->-' Jl Pj^J^ iijlkll iiijil oJ^jJl >>3y> jt-will .iJb>o . 

j^ i_Sy^^^ ilijdl oJj^jJI *>i a}.^j ilijdl oJ^jJI *>i JLm2jI Sbi j;?t^>tj IVISC wv.jjl j^-will (»jij . 1 

.BTS SJlpLaJl JUzJl ;k>^j t BSC SJ^liJl oUa;>^ j»iU:Jl ^Uk: 

GMSC 4^JI i;ljJi iJlJb ^ JUaJ'yi Ja^ Jj^. MSC j»-will jU bU LL-La ^jikll j»ijl jlS' lilj . V 

. PSTN i.U]l o^U;^! K^ Jl 

: ^L U^ jtJoj GSM(»liaJ jj iliju oJ^j >i» 4»1jJI oNLv2jNI iSwi ^ LjU lijLft Avsj (_jJI oUJISn^I ^j 

i_j^l Jl J_p«j 'A-ii' jli i«UJI cj^Lm2j^I <5wi ij c-oU t-ajLft AJ -^ iliju owb^j j^ij i_Ji3 j:>p . ^ 

.GMSC h\jj j».wi^ 

JbJL^j 4jjjjail 4jijil oJj-jJI ^j-< wbwb»eJj HLR wv.Ojjl ^jil l>=-^ 5jLtjU»'b GMSC /».wjt« ("J-^ • ' 
. iijlkll iiijdl oJb^jJl ^jl ^.1^-^ ^1 ^ i±Jj^ t^"^' VLR jjljl J'^?'-^ (^J-* 

. y j^ijLa j\ Ld]j«^ jo bl 4j.ijJ.I oJj>-jjl P<-^J ^f,i2S>zJiJ )jl Jl /''-Sj-* t>«-«-" (*j-^ • ' 

(^jLla:L-o BSC oJ^UJI CjLk;»t^ ij jY.S\;>c:JI oJ^j jU 4Jjj<.dw« j\ iaJjw j^ iUidl oJ^JI cJlS" li| . £ 
oJLpLiil C-'Ua;>tj5 JaToj ' PAGING 5jLi| JLcj| iiijdl oJ^JI iaiiLa jj BTS oJpLaJI CjLL;>t» -^ 



^01 



. jJiJi:j\j ijJijXjl aJl«^ cjI«-I j^I IwUj iiijdl oJ^-JI aj\s^c:.^\ Jju . 



calling station 



SjjIjJI oULSCJl ^_- : (r U J5Li ► 



^^(5^^ 



HLR < >■ VLR 

-T ^ ^ 

6 

14 



15 



GMSC < > MSC 

10 



10/13 --, 10 
il6 ~^N, 



BSS 



BSS 



BSS 



^<^J 



v^ 



^J 



V^ VV^ Vv^ 



12 
17 



MS 



Handover aJjLill 

JL/2jNI J^ iiLJ;>Jl iLij^l oJlj^jJIj oJlpUJI jL/2jl 4Ja^>t^ ^_^1p jU <»Jl?t:1«.w<JJ JlA^I ij«^ *— ^rH 
OiiUj Jl^- /e^J toJpliJI Aia^>t^ Jj^ LAw\j«j t_«^uJ AlijuJI oJ:>-jjl f-LxJil isUs OwL^ j-Ju i_Jial; \jjttj t U.g."...j 

. Handover i! jL<J I j_y>^AJ.<>j<Jl oJlaj t k_j^l sjlpU Aia^>=>!^| JL^aJNl j~Ju t_JJaX) ajU^v*^ isLw^Jl 

^^ ojjUJ.1 oJ^LaJI cjUa;>t>i /yi cjljLi| iLijdl oJ^-jJI AJi^ . \ 

I r ^1 I . CJijLi il 1 oJla 5ijj>-j ijS wv^j^jj I BCCH 5u3 j^ 

aliaj jU iJU-l oJpUJI 4ia;>t>i j^Ju J| i>-U-l jPjj L>JU>P . V 

. Oji-Li JLv2jl obi y-^ 4j.Aull oJj-jjI 
. (32) J5^l ii^'y . 5y>blJl Jbs^-'yi 5bi ^ljJ.=:u-lj 5^_jJ;-l S^biJl aIs^^ Jl J_pdl l^ 

^j^UaJ J I /j.JJ«jlj oJLpIj tw>i^ Jj^ J I oJ^ls CJUa^s-s^ ^j |>.S\:>cj (»UiJ 4j«jbjl 4 aw'.^l jf^-'JJ /i"*-"^ oJLc-li tl^>c^ 




;jjLJI:(rY) JSLi 



^oy 



Roaming Jl^stlll 

Ow^l o-La j jjnj JJj I (^ y=~' '^J-'^ O jiL/2jl Ow-Ji tT"-^ AlijUJl Owl^-jJI (>IwI;>bX>^I /wa "yS fj!L<^\ ^S^iy^ 

aj^l oJiAj t (International Roaming) lJj:> Nlj^ ^jc^' °-J^ ^y-^ Iajcpj i^^l iSj:. ^y j\ iSjjJl ^^puij ^y 

. V>^l oJl* <»IJl?^:^ ilLgJ,^ U^ olSj^l (jliji jwX! Ju )[j t iSwlJl jj~A( (j-«-«^ JljL^ AJLS'j ^Jjlia^l 

:(0) ial ^ 



GPRS aj.ri 

GSM i^JiJl ij^ L-oLol Ifrj^ (»UkJl IJl& p^^w^Ij G3 ^iJliJl J~?=J' _p=J jjJaJl aj^Sj GPRS ij>ij JjJ 

. i! t»ia cjULo Laj AS- yM ^ 3i3 • '*^-^^^*«Ji 

■?-jl Jo oJ^>-ljJI obiJI /i-«-vi' jL-v^ jj^i jiS'l >«^>- (»-^ ^-^-r:^ 4>iJ.?^:uJ.I -^ TDMA cjI oii (»lj.?^:u*il ■ 
JiJ iPj^ SiUj j;5Ccj (cjIjLw^ i >»lJi^:L^U) 80Kbit/sj 30Kbit /s i^_ ^^'-'LJ' J^S ap^-^ 
.236.8Kbit /sj 1 60Kbit /s O:^^ JiJl ip^^ J^ oljLil ^jlp S^U^j oULJI 

. SJ^IjJl JiJi SbS jt-w-li; \^ tjy>JLi^:iw>> 5JLP |2;5^ t^-^ Packet switching l^ ^si-c^ ■ 

. (_$.iUJl GSM (>UaJ x^ 4JjLl« 4jj^ '-—'^^ J^ ic-j-u ■ 

EDGE ajiFi 

JJ<^"j t (Enhanced GPRS) EGPRS UL;-! ,_^*-wJj t GPRS aj^" J^ i>-^ ^c^l »-i* (»J^-«:^.^" 

. GPRS /.Iko J..>jJ GSM i5L>i 1.1 Js 

Jlv2j aJLp cjUL; JiJ Is-j^ \j>ij^yj_ dJJij GPRS L^Jij ^j^\ cjLiJj>JI L^ -yi ^r^' "-^ iV-^^^J 



^oA 




^ylkl^\ ^_1p1 as>-j:j liJ iiU:^^! i_i;l_^l ^ clJliil J~>JI oLLku ^^L ^ ^j t236.8Kbit/s Jl 

. (^liJl J^I)UMTSj^5^L. 

^ iaU^I ^jj U^ 1 8PSK |V«_>/2j ijJj EDGE ^A?^:iwj GMSK L^ ^l iaUi'NU : 4^.l>cX>^<JI iuidl 

(UMTS -IMT2000) cJLUl J^l 

LjjS'j jLUl ^ 2001 ii« j^fliJl-; ^1^1 J^l ^^^1 oljb 

1 920Kbit /s,_^AJlpi::jUL.jA;iPj^ "j^r^j^j <.i::jIS'j^j_^L*.'S(I 
tiLLJl iJijSlI ^ ks^i^ ("IkJl II* ^^1 (384Kbit /s UU) 

(^liil J^DtijJ^ jl^ : (r O JSUi . ( jUUl ^ lJU)14.4Mbit /s Jl 

^2100l\/IHZ(jlkJlj JLojNl ^1900l\/IHzL$i:)^IJlkJlj^^-^UMTS/»UL;J.«^ : i«JLj;«i-.uJI ij^l 

: ^L Uj j;>^j tA^jJ^I WCDMA Jj-^jJl Li4j 

Cjlj;>^;>tXJl /^ JjJjJl .ij^jJ 1^^ (»UaJl iJlgj J-o-^ ^^' GSIVl ioiajl jJjiaJ ii^g-*" • ^ 

. iJlp oUL JiJ iPj^ .V 

A.yJ.o iU:^^ olwi^j (»lj^^ji-ol j^ il (.Global Roaming ^Ip JI^/ 5j^ . 1 
ij^j ^j^ Jl^ ^ GSM ol5L>i Jlp J«^ UMTS /GSM Dual Mode 

.UMTS iisJJ 



2uSlu/'^l lJuI^^JI 2ula:i! 



Js^- UjjJb ^Ij CBS LSCLo'^Ul Sj^LaJI ik^^ iLijuJl SJ^jJl JLs^l j^^ ^ PSTN l^UJl o'yLs^"'^ I 



^o-^ 



: Lgjw* i LSvl-o*>Ul i_4jIj^I ay^^ jJifuij A-oiaJl iUj:pl jyj ^sj PSTN i«UJl cjNL/2j*yi aSwIo LSvlwo 

CT2 2LxSluiMJl ^fljl^^jl ^>4 ^LUl J^l 

jl^ t^Ulj t j:Udl CT1 ^UiJ J^ J^. ^ ^IkJl lift j> 
j^ij..i>iU j.«Jiw^l A-v'jj^jj ^L^«Ji Lp»-i,i (_n ./^7 > I ofrlij -j^ ^_iu<j 

40 ^JJ-^:^_j (868MHz Jl 864MHz) ^ ^i^^^l JlkJl ^>^^j 

.(Duplex Channel) oUJ*yi ajUJ sU 




^5Sl^"^v_ijL*:(ro) JSCi 






j^Lkjjj!, TDD 




^^1 J^li DECT (.Uk: ^1 



J^l.5 50mj_^l J^vaJiiLw^j lOOmWi^jU; JLcjl4iLU>»a^^:Uvjj 

. ^^1 ^jUi 200m Jlj ^^1 

DECT ^yn^\ (_y*ijJl j^SluiMJl ^iul^JI 

i—iilj^l ^} Jj^^^jJl j^;5C<>j ^l~»t-; Ajl.il j^ tj-*^^; PBX (_5^j-4il j_y UJl 

^L<J 4.«.;>-.vij ^ (_5jJj>Jl (•UiJl aL>^ /p^ dUJbj t LSX.-N ^ja]I 

. ^LJI J^b GSM (.IkJ blJ:ul jl^. IJJ i U^U Jl JL^-^I 

TDMA cjj-^^jJI oLsij (»JiTX..jj 1.9GHz ii^J (JLkJ j_jj /^-*ij 
LsL' Sbi 120t5j:>^_j 32Kbit /s Jl J^" ip^^ '^^LJl J^.j FDMAj 

J-j (j-«jj' (♦— -JSj LjJ TDD ^UiJi Le^jJl ,1— ..JJ-'J I (»Uaj (»Jj>tX~vjj toL>tj }(i 

i_j^^ iiL-^j 10mWj_^l As^ i^pljt^l iiLk) <l«jj t JLii^^lj jLujNl 

j^SUj (Dual mode) ii^l aJLJ iU::^ cjIj^j ^IjJ^lI^Uj 200m jy> 

. 4j»-jL>- GSM (»UaJj 



<u^l< trill jUi'^l ^<ui^ 



L|l)t>- iiljjipJl w^jL/2JljLftjjlj(»jLPj iwij*^! o^^l -yi AA^IjjjisL* iJaJu ^_^ i^Ls^l jLoi*^l ojji j| 
iiU3)lU oMU^'>U U^ i^_ L^ yj:5 N j:i\ iobJl jisLJl ^y i^U- oMU^Ml i^J^ (♦-.JiiJ Ji^'SlI J^l 

CjIjIJ^ ^ ^■g'*' ■/•''I jU3 }( I /wa ipj.^>.?T^ /"-ijj^ 'UiijI jjd ^/2:>ti^j GPS xij.^1 JjwL>tjj OJ jXj Jl I C->u>Jj>- Jl 
JL/2J )il IaJ A.^.vi'J Jl I oUajt^lj jL^J }| I /wJ U^ljJI (t-~;j ' Alo«^ i^lJc>- ■) 51-?'. » Lglj 15' JaJ^J >iij^l 4v2jiitl« 



t (37) JSCllI J, Ui' t^y-l AJI>=r J^^ Jl JU^'NI JiJ L^ LJ jUi^ll J.^" L^ w-j^ll oLSL^LlI Jl 

. isLf^l jLil 6 ^Ji\ ^Lv?^U LpLv? ij^ 66 

.780Km iJu; ^j'yi ^^ ijs- jUiSfl ^LiJjl 

. A^U^I jUiSflj alidl Sj^^Sfl 0>^ L-Band 1 .6MHz (_$JlLI >.jJ.::i^ 

. |_j/2j«j ^ Lfvi*j i^pLs^l jUiSJI tj^j K-Band 23GHz ,_$JlLI /»Jui=:Uvo 

TDMAj FDMA oLiL" >.a^.=:u.j 
.9.6Kbit /s Jl Jm2; Ji: ^^ 




^ 

-^"T 



/ 



« I 



S^jd^^S 






I 






1 



-^Jl 



m 



.**i^ 



i-plw' jUil k-ajljjss : (TA) L^_i 




ij^LvJl jUi^ll ._iJljj!. (.Uij : (rv) JSJ; 

^^^^^^^^^^^^^^= Q Bluetooth ojjjL 

o.o.^k.v^j a1«;x<JIj iitb>t^lo u^*yi J— J cj^L/2j^Ij oUjLt<Jl Lij jL>t^ 
4-1) cx>=-.^^l jl cJ~i U jtJ (. j-v2.4JIl$-uJIj_^ Jjlj53l Ju>=^ Ju>=J LIjJI J 
(_$j^l J AojJj t742Kbit/s Jl^ jLi)iPj-^jL..i2ini_Lllol5LdJJ4~^L-l 



! lcJu i-«-i j::^^J 



1 2.480GHz Jl 2.402GHz ^ ^s^^^\ 



r'' 



-^(i;j 



>6->^ 



n^ 







(^)(_5JlJl 


(mW)3jja]l 


>_i^l 




100 


100 


A i_iwv? 


10 


2.5 


B l_4l^ 


1 


1 


C i-_iwv=' 



. i_SjJ«Jl J>^l.i A*^ L^L« 

Frequency hopping ii^lc->ljjJS4J^loJLA^_y>^j taUZQJ iJl^l^y Sy. 1600 jL-j^ll ob:)yjJuj_^ 

. (Packet switch) i^j^l Ji_p=j ^^ ^^W J^yj 

iy^\ ioUJ Jajj ^jiCcj master /slave >ijIj /a^ ^^ '^jirr^^ ^J ^^'c^ • Piconet cJ^^SL; . ^ 
ixju L^u i_Sjj<j («Jij (J^UI 4j«,^wjl Lo.^ ,< h'. .1 master -u^ 4Jb Lajl?-! i_Sjj»jj i (t.^sj*-' /«-« ' g ■,^*' 

• t5>=*-' (Jl ^^ (>* ^-^1 ^^ Jd-V ^J l5' ij ij^-J Slave 
i jjj jL^ j^ U-g-s^ajto jLkJ^ ^1 j\ Piconet jc^iJ:> Jr^j^ u^ ^^-^ • Scatternet cJyliL- . T 

. (39)J5Ll]I ^ U5 oUjLJ.1 Ji: ^ ^ LiT 

Oj^lj oULJl JiJ lL> t oLLJa:Jl j^;^ JuJuJi ^ J^jjJjIJI i^ 




nY 



(^ WiFi l51^ l^I^I 



Aiiljl<JI 4^5\l-o*>Ul Cjl^^tT^I -j-a aJLJ^ ^_^ 



LSO^"^! U^^l ol5Ll]l 



cr r 



^ jcil^l 



I- 






(WiFi) i^ N ;SL^ : ( i • ) Ji^ 



4jj^.^=^l c_ww^lj^lj 5>g-^Sll i>S^"j tWLAN 
. LSU^':^ oJ^)(l ^ JU^-*)U VoIP 4Ji:o ^"l^lj 

^yj IEEE 802.11 ^_bw Jls- (^li ^^I^JI J.wJ 



Jiljjl 


Si^'^l 


<pj^l 


^-uJI 


..^1 


jl,,JI 






11IVIbit/s 




2.4GHZ 


802.11b 




. i!_J^,J>MJl I ...vl_pjl 


54Mbit/s 


J -i-\i 45m 


2.4GHZ 


802. 11g 



.(WiMAX) IEEE 802.1 6 Ji« t ol^jii SJlp Jl Jjv'^^L, Jju"j 1 0GHz ii^" ^ ^ lLJc~ ^_bw ilL* jl US' 

cjljLk<Jlj j_yisLLjl j_^ U^ LSvL-o^ oJjii^l a.«J:>- f»jJ-4^ ^jUJ J>^^-^ (^Ls l5'jJ' ^~-*j ^jJ>c^ 

. (Hot spot) AJaJdl 4ikw« (_yk-wjj I. Access point Jj-^j i?UJ ,_5^>-wjU ^^ cjIjwUJI 



JUj)(I jiy l^ :(WiMAX) ^U t^l^l 
.50Km Jl JviJ o-;>^ S\ UjSJ 



.LAN U^l ol5L^I ^L. ULSJ JJiJ . Y 

= (Wireless Local Loop) «u51uiU!l «uJl9bII SjlJJl 



(40) JSLlJI ^ L5 1 1^\^\ J^ljSai J J. LSO^'y PSTN I^UJI o^yL^-^l K^ ^>J>i^l J=^^ (»UiJ 

! iJ ill ■/-)':1 ..o4.n. j.^^j t L^ a-woLjI 4-/pL>- jlJiJI ^ JUJjoI ^ 4,J>ijl oJla ^JJ>c^j 



nr 



ja^-J JU^1 1^ 



Jjj«Jl jSy, 




iiO-vNl a-U^I SjljJl : (i •) JSC^ 



. ^JaJcJ I iikla /r*-*^ ti^^ ' ^y^ • ^ 
iv^l^ A^5U^^ i<Ji>lj A^Ls^l jLJ^^Ij AjjJjjJl i-^ oJlft ,_5r^J 



! iJ^I cjIjl?- jJI /wo oScjj f-Lwjl "j-^ ■.■^" jl^^ (41 ) , ISLiJI /(-^ 



V 






Jj 



s:^' 



,UJI 



J^^ 



^J^>E>J I jJoJ^a 



© 



(>wb»tJUvjj I i^jj^ J.I (_giij^l jjUalJl /)-«-vi' ■TK-wa^ CjLojJj<1I ojLiI ■i.i J /"^ r! Cj^ • c/' '>nii^.")l oJ.^J 

. i^Jjlkll ii JjI JbJ^>cJ (c*^*«-* I— jJbJu 



ni 



5,i.\jtu pi »J' ijUAj 1 4,wv.5\p aJLoju ("j^ LgJi ji I Ju^j J I jl.gj>J i^LLo oiJ^-j (c'-f' JL^^^iwu ill jL^ (_gj:>cj 

V 



iSji-^h j,J^-A^ 



c> 






j»_>r.v^^ 






Js^^j.,1, K\y 



. ^ A\ > Ml .;iL: ,M; ^^ -11 i-. \^ A\ . .\ 









W. .»'jjl ,i,i JjI ojLiI J.OJ 



.^' 



jUjJjt^JI 



^c 



•LJ t(5jL«iJl ^li^l JLii^^l k^\s>-j c:jLLJa:Jl |V> JjJoJI ^ •jjbjjijii^j^l (»Jj>t:iwj 

i jjI "j ■ 1 ■ /-" jl f-Lwj jll "j ■ 1 ■ /-" ojUil i_i.LS 



ii 



(ME) aifiMii 5jl^^i 



JaLgJl jLiJoNlj L^Jlc- t^JliaJI oJiLjJ \J^J <■ \jj^ 4jjj:50^fl oJ^;>-Nl J^\ ^ iLijuJI oJj^jJl JjJ 

oJUkj 1. 4.~>«JjJI 1 SjUijjIj pL.^ ill ^jS AjL^Jo L^J«...«J>- ijU ijjj^ /*-^J ' .il-l }J LgjLjJ^J Jcl . Ar^ l.|.^.>e.>- ijl 

JL*ljifl 0j.>-JJ t ^j-^L*l if I pUilJI 1« -«J t OjLi if I |7tJb«^J t >>">^5\jl -Ttibt^J t ■" Ij./^ll J^ .^ a\ ." ll, l^a-jll 

. (43)J5:^I J, U5 . JLi^Nlj 



no 



JLix^'^lj JL.j)ll 5^j 



Rx 




Tx 



*L«'!yi jUaJlj Oj-ygJ 



djijj^^ 




. ^^^^^\ j\.^ l^U-)i\ cj\j^ji\ :(ir) JSCi 

. ioU^^^iGl iSLkJlj iib?J.I ;_5jJiJ-l i_iiL^I f-\y>-\ -^jj^ cj-^j • ^SUaJI e.b>-j 
• uL-uj'a) ojji cjL«j>t.v2^j -^ -^ /^'l 4.v2A>ti« iJjl JLiUul ."ilz--^. . Aaj RF (_gjjil Jl ^i jjIj IF 

. i«3*>Ul AiUaJl jL^I ijjjj |2r>t-il] iLU : ajjUsJI 



ni 



. ? JJ^I iJu UijI ^I jj^ Uj? JjSlI JJ^I ^ J\^\ JJrl iJi:I oj^ liLc . Y 
. ?4jjJi!-l i_ajlj^l j^ i^l^l JuJ;-! cjIj^ j^I j_^U .T 

. GSM ^Lk: ^U^^ 3^1 ^il .0 

. ?45L>L]I ^ oJb^j J5' J^ j^ ^.JlSj*^ iiijdl oJb^jJl dj^Cj ^ . 1 

. ?^ 5a:U]l Uj?(IMSI)i]^l i.^ J.U]I j»i^l ^J^.:i^. ^J . V 

.?PUK,_^.,^L:i.^l J^lp)(ldJij»ij^l.v^.c:u-lj»Jo^ .A 

. ^L^Uij ^Uj?(BSS)oJ^UJl cjLk;>t^ (_^^ ("liaj jj5\:o j»^ . '^ 

.?iSwLll Jaj/^y ^UiJ^^^liJijSlI ^VLRjAuCjHLRjMSC : ^y JS' iiJij ^U . ^ * 

. ifLvsJlj J,J«.ddl (»UaJ (>L^ iJLc- . \ \ 

. ?GSM ^UkJ l^JJu j:i\ oUjiLl 3^1 ^U . \ Y 
. ?Global Roaming ^UJI Jlj^lj International Roaming JjjJl Jlj^l tirj tij^L^ • ^V" 

• • c>*^ ^^ J^ 
•CT1 JjSfl JJ^I ^ CT2 LSO^'^UI ^1^1 ^IkJ Jli]l JJ^I j^ tiiJI U . '^ o 

. ?L^ lilJlLalS" (>Jj>c:iwj I— i^j 1 4jjJiS-l ioiii'^l x^ DECT |»Uii ^L1:j '— *c^ ["^J • ^ "^ 

: lSi\ JJ^I ^ J5a a.liL| SjL^I ^Ul (X) SjL^lj ls>,.^>^\ SjLJl ^.U (/) SjLiI ^ : Y^ 
. oULJl ja: Is^j^ S^LjJ DAMPS iJijI ^jkJ GPRS \^^jSl ^z^^J>c^\ . \ 
.SIM i]^^l 4jy!> AiUaj >.|Jbi>:L^L; (^^Sll iJkj'SlI ^y^ GSM >.Ul; y^^ . Y 

. 4ii:>J.I cJ\:i:ij^\ LgJ^ PJj^ '^*^' ty ipj^>^>t>i j^ (Cluster) ^ycj^\ . i 
nv 



. (joJl.LLl CjliUaj J,^gj>tl> CCBS iJ)jJlj\j (joJl.LLl CjLowb>- >»Uaj (»j-i; • V 

. oUUl JiJ CCH 5bij j»i:;>cdJ TCH 5U ^JJ>.x^ . A 

. CJuLJI JiLJj J^\ j\ 5j.^j>-l 4^L*J isjj /pv^ lIj jJjij 4.JJJJ <»lJj>tl^u . 1 • 

: JJ j»jo aJ.<^ Authentication J^jJi . ^ 

: j^ JS' Ou Ciphering ^^i-idl ^J^.:u^_ . Y 
.BTSjIVlE .^ .BSCjBTS .! 
.j^Ujr .i .Sll\^j l\^E .^ 



. (J~<-^ L< Li . i . 1^ 4-I tio J^ 



: ij'SlI o'yU-l ^ L;*)y-I r-I^Ij iJUJi 5.b-jJl o>^ j»J^I U.«j^ ^jJ- . 
. iiii-l (jLiaJ /j^ 4Ji;,dl owb-jJl 7:jj>-j t ^c^' 5jLi| i_ix^ .^ 



nA 





I _i i±Jjj jJuil (>UaJ J-wtvJo 


.1 


.^\^AS^J .^ 


.^\^J^r■..^'H\'^J^ .1 




./.UJ5 .. 


. J^j^ j_^Lp (>UaJ .j>- 




. U.A t djjjjJJI ^\j)3tZ. 


^L o15Ll!I ^y. 0:^^: jy_j5J j^ 


.V 


. ^Ijj .L~" . ^J 


. Oj jjLS^^j Oj ^3^0 .1 




./iujr .. 


. O^jj jLS^^j O^jj jSn-j .j>- 






• iJ ci^ ti'j V^ ^J^^^uJ 


.A 


i^ L.,^J 1 jUi*!^ 1 ioiaJl . ^J 


.Oj^lJiJiUd-lolO^jJl .1 




./iL^.^'^ .. 


. ^jj^Li-l cjLSwi .^ 





\^^ 
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. 4-^j \^>s'-^\ Jl^ jj:;S'jJI jIjipIj h^ts^ji — A^\sj3..^y\ jUi'i I ot>t.iLv^ [^jiySS ■ 
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